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ABSTRACT
Rudbeckia. a North American genus, consists of 
approximately 21 species of annual and perennial herbs. 
Rudbeckia is separated into three subgenera [i.e. 
Laciniata (n=19[18]), Macrocline (n=18) and Rudbeckia 
(n=19)] based on morphological, cytological, chemical, 
and phylogenetic data. The present research includes a 
systematic study of subgenera Laciniata and Macrocline. 
Also included is a phylogenetic analysis of the 
coneflower genera (Dracopis. Echinacea. Ratibida. and 
Rudbeckia).
Subgenus Laciniata contains Rudbeckia laciniata. 
which is composed of five morphological and geographical 
overlapping varieties. These include var. ampla. var. 
bipinnata. var. digitata. var. heterophvlla. and var. 
laciniata. Twelve species are included in subg. 
Macrocline. Based on the morphometric and cladistic 
analysis, subg. Macrocline is divided into two sections. 
The first is sect. Askomia, which contains the rayless 
coneflowers (R. alpicola. R. montana, and R. 
occidentalis). The second is sect. Macrocline which 
comprises the remaining species (R. auriculata. R. 
californica. R. qlaucescens. R. klamathensis (nom. nov.), 
R. maxima, R. mohrii, R. nitida. R. scabrifolia. and R. 
texana).
xv
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The phylogenetic analysis of the coneflower genera 
places Echinacea within the Rudbeckiinae instead of the 
Ecliptinae. The genera of coneflowers show a close 
affinity to each other, and the most primitive taxon is 
still in question.
xv i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
INTRODUCTION
Rudbeckia was named by Linnaeus (1753) for his 
predecessors at Uppsala, the Olaf Rudbecks, father and 
son. The genus consists of approximately 21 species of 
annual and perennial herbs called black-eyed susans or 
coneflowers. Some species are important as cultivated 
ornamentals, a few are troublesome agricultural or range 
weeds, and others are threatened or rare wildflowers.
Based on morphological, phylogenetic, cytological, 
and chemical data this study divides Rudbeckia into three 
subgenera: i.e. Rudbeckia. Macrocline. and Laciniata. A 
systematic treatment will be provided for subg.
Macrocline. which contains 12 species with a chromosome 
complement of x=18, and subg. Laciniata. a species 
complex composed of five varieties with a base chromosome 
number of x=19(18). Also included in this study is a 
cladistic analysis of the coneflower genera fDracopis. 
Echinacea, Ratibida, and Rudbeckia).
The objectives of this research are five-fold:
1. to reevaluate the taxa in subg. Laciniata and 
Macrocline by incorporating morphometric and computer 
assisted numerical analyses
2. to obtain additional data with scanning electron 
microscopy (SEM), cytological, and chemical procedures to
1
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aid in drawing taxonomic and phylogenetic conclusions
3. to perform a cladistic analysis for the species in 
subg. Laciniata and Macrocline to assist in forming the 
phylogenetic hypotheses for the taxa
4. to provide a taxonomic treatment of the subg. 
Laciniata and Macrocline that reflects data accumulated 
in this and previous investigations of these taxa
5. to reconstruct the phylogeny of the coneflower 
genera to determine the closest sister taxon for 
Rudbeckia
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER ONE
SYSTEMATICS OF RUDBECKIA SUBGENUS MACROCLINE 
( ASTERACEAE : HELIANTHEAE: RUDBECKIINAE)
3
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THE SYSTEMATICS OF RUDBECKIA SUBG. MACROCLINE 
(ASTERACEAE:HELIANTHEAE:RUDBECKIINAE)
INTRODUCTION
Linnaeus (1753) named Rudbeckia for his 
predecessors at Uppsala, Olaf Rudbeck (father and son). 
The genus consists of approximately 21 species of annual 
and perennial herbs called black-eyed susans or 
coneflowers. Cladistic analyses of coneflower genera 
(Chapter 3; Cox and Urbatsch 1990), recognized three 
subgenera of Rudbeckia; Laciniata, Macrocline and 
Rudbeckia. The variable and widely distributed R. 
laciniata previously had been treated in subg.
Macrocline. but morphological, chemical, and cytological 
differences support its removal from that taxon.
Detailed analysis of R. laciniata is the subject of 
Chapter 2.
The 12 species, as defined in this study, comprising 
Rudbeckia subg. Macrocline are characterized by strongly 
cone-shaped receptacles, bright yellow ray flowers (ray 
flowers absent in three species), glaucous stems, 
persistent basal leaves, pales not surpassing the 
achenes, foliaceous involucral bracts in two or more 
series, a chromosome complement of n=18, and a 
distribution in the southeastern and western United 
States. In this study the subgenus Macrocline is divided
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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into two sections based on the absence of ray flowers. 
Section Askomia Nutt, includes the rayless coneflowers 
and embraces Rudbeckia aloicola Piper [R. occidentalis 
Nutt. var. aloicola (Piper) Cronq.] an endemic to 
Kittitas and Chelan counties in Washington, R. moncana A. 
Gray (R. occidentalis Nutt. var. montana (A. Gray) Perdue 
which grows on the west slope of the Colorado Rockies 
with outliers in Iron and Washington counties in Utah, 
and R. occidentalis Nutt, which occurs from the northern 
Rockies to the Pacific Coast.
Section Macrocline can be separated into two 
species groups based on geographical distribution. The 
first is the R. nitida complex consisting of six species 
mostly with narrowly restricted distributions in the 
southeastern United States. Included in this complex are 
R. auriculata (Perdue) Krai., R. maxima Nutt., R. mohrii 
A. Gray, R. nitida Nutt., R. scabrifolia L.E. Brown, and 
R. texana (Perdue) Cox and Urbatsch. The second is the 
Rudbeckia californica group which contains, R. 
californica A. Gray, R. qlaucescens Eastwood (R. 
californica A. Gray var. glauca Blake), and R. 
klamathensis nom. nov.(R. californica A. Gray var. 
intermedia Perdue), each with limited ranges in 
California and southern Oregon.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The goals of this research are four-fold:
1. to incorporate morphometric and computer asisted 
numerical analyses in the reevaluation of species limits 
of taxa in subg. Macrocline
2. to obtain additional data with scanning electron 
microscopy (SEM), cytological, and chemical procedures to 
help in drawing taxonomic and phylogenetic conclusions
3. to perform a cladistic analysis for the species in 
subg. Macrocline to assist in forming phylogenetic 
hypotheses among taxa
4. to provide a taxonomic treatment for subg.
Macrocline. that reflects data accumulated in the present 
study and previous investigations of this taxon 
TAXONOMIC HISTORY
Most of the taxa in subg. Macrocline were described 
in the 1800's by various botanists including Asa Gray, 
who named R. californica (Gray 1868), R. mohrii and R. 
montana (Gray 1882), R. nitida var. lonqifolia (Gray 
1884), and R. occidentalis var. scabra (Torrey 1874). 
Thomas Nuttall described R. maxima and R. occidentalis 
(Nuttall 1841), and R. nitida (Nuttall 1834). Piper 
(1899) described R. alpicola as a new rayless coneflower 
from Washington, but later Cronquist (1955) reduced it to 
a variety of R. occidentalis.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The remaining taxa were discovered in this century. 
Rudbeckia alaucescens was proposed by (Eastwood 1937) who 
based the species on R. californica var glauca published 
by Blake (1931). Perdue (1962) recognized several new 
varieties including R. occidentalis var. montana. R. 
nitida var. texana. and R. californica var. intermedia 
(R. klamathensis nom. nov.). Since Perdue's (1959) work 
on subg. Macrocline. he described R. fulqida var. 
auriculata (a species belonging to subg. Rudbeckia) was 
described as new (Perdue 1961), but Krai (1975) elevated 
it to specific rank and suggested a closer affinity to R. 
nitida and R. mohrii of subg. Macrocline. Rudbeckia 
scabrifolia (Brown 1986) has been described as new and R. 
nitida var. texana was elevated to specific level as R. 
texana (Cox and Urbatsch 1989).
Nuttall (1841) was the first to attribute a 
sectional name to Rudbeckia. When describing R. 
occidentalis. he erected sect. Askomia for this rayless 
coneflower. Torrey and Gray (1841) proposed an 
infrageneric treatment for the genus in recognizing three 
sections; i.e. Rudbeckia. Macrocline T.& G., and Askomia 
Nutt.
The most recent taxonomic work on Rudbeckia was 
Perdue (1957), in which he proposes the elevation of the 
sections to subgenera. This work consisted only of a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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synopsis of subg. Rudbeckia and inferred that a monograph 
of subg. Macrocline would follow at a later date. In 
1959, Perdue completed a dissertation on "Taxonomical and 
cytological studies in Rudbeckia and related genera of 
the Compositae" which included a taxonomic treatment of 
subg. Macrocline. Unfortunately, the latter portion of 
this work has never been published. Based on cytological 
and morphological characters, Perdue (1959) divided 
Rudbeckia into two subgenera: 1) subg. Rudbeckia having a 
base chromosome number of x =19, disk compact, short 
conical or globose, receptacular bracts 1.5 to 2 times as 
long as the mature achenes, achenes equally quadrangular, 
2-4 mm long, completely filled by the mature ovule, 
truncate at the base, and basally attached to the 
receptacle; 2) subg. Macrocline (T. & G.) Perdue (comb, 
ined.) has a base chromosome complement of x =18, disk 
comparatively loose, rarely globose, mostly long conical 
to columnar, receptacular bracts only slightly longer 
than the mature achenes, achenes laterally compressed, 4- 
8 mm long, never completely filled by the ovule and 
sublaterally attached to the receptacle.
Dress (1961) published an account of the cultivated 
species of Rudbeckia and provided a taxonomic key for 
their identification. Taxa of subg. Macrocline that have 
been commonly used as garden plants are R. californica.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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R. glaucescens. (R. californica var. qlauca), R. maxima.
R. nitida. and R. occidentalis. He noted that the 
horticultural hybrid, 'Goldquelle', had been developed in 
Germany from a cross between R. laciniata 'Gold Ball1 and 
R. nitida 'Herbstosonne1.
MATERIALS AND METHODS 
Morphometric Analysis
The morphological analyses are based on specimens 
borrowed from several herbaria (see acknowledgements) and 
on plants collected by the author between 1986-89 
(vouchers are deposited in LSU). Fourteen to eighteen 
quantitative continuous vegetative and floral 
morphological characters were measured on specimens 
chosen on the basis of maturity and completeness. Each 
entry in the data matrix represents the mean of five 
(when available) measurements per character per 
individual. All specimens were assigned to the 12 taxa 
of subg. Macrocline which represent the OTU'S of the data 
matrix. Raw data were log-transformed to the base 10 in 
an attempt to satisfy the assumption of normality before 
any statistical analyses were made. Univariate and 
multivariate programs found in SAS (Helwig and Concil 
1979) were performed on the mainframe computer at 
Louisiana State University. The univariate analysis 
conducted was the General Linear Model Procedure (GLM)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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which tests the significance of each variable by first 
computing an ANOVA then performing a Duncan's Multiple 
Range Test, and Student-Newman-Keuls Test. A correlation 
of characters was also computed under the Proc-corr 
command in SAS. The multivariate analyses, Principal 
Components Analysis (PCA) and Canonical Discriminate 
Analysis (CVA) were done using covariance data. PCA was 
conducted to show the positions of the taxa as determined 
by the two axes accounting for the most variation in the 
data (Stuessy 1987). CVA was used as a dimension- 
reduction technique to facilitate visualization of the 
results. This analysis was done because the first three 
canonical variables may reveal considerable differences 
among a priori groups, even when none of the quantitative 
variables do so independently (Semple and Chmielevski 
1987). Test for equality of group centroids (Wilk's 
lambda, Pillai's Trace, Hottling-Lawley Trace, and Roy's 
Greatest Root) were performed as part of the canonical 
analysis.
Flavonoid Analysis
Foliar flavonoid paper chromatographic profiles for 
33 taxa of Rudbeckia (four taxa of subg. Laciniata. 11 
species of subg. Macrocline and 18 taxa from subg. 
Rudbeckia) were obtained from field collected samples and 
herbarium specimens. Crude methanolic extracts from
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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small amounts of dried leaves were spotted on 23 X 28.5 
cm 3 MM Whatman paper and run 2 dimensionally first in 
TBA 3:1:1 (tertiary butanol: glacial acetic acid: water) 
then 15% HOAC according to the procedures of Mabry et al. 
(1970) and Bacon et al. (1978). Compounds were detected 
in UV light and color changes were observed in the 
presence of ammonium vapors (Mabry et al. 1970).
Flavonoid compounds for identification were 
isolated from a minimum of 100 grams of ground leaf 
material from R. auriculata. R. maxima. and R. 
scabrifolia. The leaf tissue was extracted with 
chloroform for three days to remove the chlorophyll and 
then with 85% MEOH for five days to extract the polar 
compounds. The residue from the methanolic extract was 
redissolved in water and placed in a separatory funnel 
with chloroform to remove any remaining chlorophyll. The 
water layer was evaporated to dryness and redissolved in 
100% MEOH, banded on 46 X 57 cm 3MM Whatman paper and 
run 1 dimensionally in 15% HOAC. The flavonoid bands 
were detected in UV light, cut out and compounds removed 
with 85% MEOH. Further purification of compounds was 
made on microcrystylline cellulose TLC plants in BAW (4 
butanol:1 glacial acetic acid: 5 water). Specific 
flavonoids were eluted from the cellulose with 
spectrograde MEOH and filtered through a sintered glass
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funnel. Sets of UV spectra for individual flavonoids 
were obtained according to the methods of Mabry et al. 
(1970) and Bacon and Mabry (1976).
Unweighted Pair Group Method with Arithmetic 
Averaging (UPGMA), a clustering algorithm in the NTSYS 
Computer Software package (Rohlf et al. 1979), was 
performed using the flavonoid data to produce a phenogram 
based on similarity.
Cytological Analysis
Meiotic chromosome counts were made from buds 
collected in the field and fixed in Modified Carnoy's and 
stained according to Snow's procedure (Radford et al. 
1974). Mitotic chromosome counts from root tips obtained 
from germinating seeds or actively growing greenhouse 
plants were prepared according to Perdue (1960). The 
chromosome preparations were viewed and photographed on a 
Leitz orthoplan light microscope with an Orthomat camera.
Electron Microscopy
Preparations for scanning electron microscopy were 
prepared by two different methods: 1) fresh, field- 
collected plant material was fixed in FAA (Formalin - 
ethanol - acetic acid), dehydrated to 100% acetone, 
critical point dried with a Denton CDP-1 apparatus, and 
2) dried material from herbarium sheets. Following the 
initial procedures, the dehydrated or dried material was
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mounted on stubs with double sticky tape and sputter 
coated with gold-palladium in a Hummer II sputter coater. 
The specimens were then studied at 25 KeV on a Hitachi S- 
500 scanning electron microscope and micrographs taken on 
Kodak Tri-X ortho film.
Cladistic Analysis
Twenty-four morphological characters were chosen 
for the cladistic analysis. The characters were 
polarized using the outgroup methods of Maddison et al. 
(1984) and Watrous and Wheeler (1981). The coneflower 
genus Ratibida was identified as being a close relative 
to Rudbeckia (Cox and Urbatsch 1990; Chapter 3); 
therefore, it was used as the outgroup to polarize the 
characters. Rudbeckia fulcida and R. laciniata were also 
included as outgroups in the analysis of subg.
Macrocline. Twenty-two characters were ordered and two 
multistate characters were unordered. Autapomorphic 
characters were not considered as useful phylogenetic 
information and were omitted from this analysis.
The OTU's for this analysis consisted of the 12 
taxa of subg. Macrocline and Rudbeckia fulgida, R. 
laciniata sensu lato. and Ratibida.
Data in this study were obtained from herbarium 
specimens on deposit or loaned to Louisiana State 
University [see acknowledgments for abbreviations of
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Herbaria from which specimens were borrowed (Holmgren et 
al. 1981)]. A matrix of 24 morphological characters was 
constructed and analyzed using the 2.4 version of PAUP 
(Swofford 1985) on an IBM PC compatible computer. The 
MULPARS algorithm using global branch swapping to 
construct equally parsimonious trees was performed in 
conjunction with the Farris optimization routine (Farris 




The morphometric study was conducted in three 
separate series: 1) the R. nitida complex, 2) the R.
californica group, and 3) the R. occidentalis complex. 
RUDBECKIA NITIDA COMPLEX 
Fourteen characters (table 1.1) were chosen for 
analysis of the R. nitida complex which includes six 
species, R. auriculata. R. maxima. R. nitida. R. 
scabrifolia. and R. texana (table 1.2). The GLM 
procedure tested for the significance of each variable. 
All 14 characters chosen were significant at the 0.05 
level (table 1.3).
Three separate PCA analyses were performed, the first 
included all six taxa (PCAI), the second removed R. 
mohrii. R.auriculata. and R. scabrifolia from the
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analysis (PCAII), and the third included only R. nitida 
and R.texana (PCAIII). The purpose of the three 
different analyses was to remove any distortion in PC 
space from the taxa that readily clustered away from the 
other groups.
Table 1.4 compares the scores of the first three 
principal components for each analysis. By examining the 
relative magnitudes of the character components within 
each of the first two principal components (or first 
three in a three dimensional SASGRAPH), it is possible to 
determine the characters primarily responsible for 
dispersing the OTU's in PC space (table 1.4). In the 
first principal component for all analyses, DL (disk 
length) proved to be an important character contributing 
to the separation of the taxa. The remaining 
contributing characters were leaf variables, SW (stem 
width), LW (basal leaf width), and LM (leaf margin) in 
pci, IS (leaf surface), SW (upper stem width), and LW 
(basal leaf width) in pc2, and LL (basal leaf length), SL 
(upper stem length), along with the floral character HN 
(head number) in pc3.
In PCAI there are six more or less distinct groups, 
each representing a different taxon of the complex, that 
can be recognized in fig. 1.1 The first axis (pci) was 
responsible for 85% of the total separation in PC space.
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The PCAII analysis included R. nitida. R. texana. and R. 
maxima. In this study, there were three very distinct 
groups present. Two and three dimensional graphs were 
constructed to visualize the positions of the clusters. 
The first three principal components made up 90% of the 
total variation, with R*. maxima being positioned between 
R. nitida and R. texana (fig. 1.2). In the final 
analysis, PCAIII, R. nitida and R. texana were analyzed 
to confirm their distinctness.
In a three dimensional SASGRAPH (fig. 1.3), the two 
entities split into distinct non-overlapping clusters.
The first three principal components made up 81% of the 
total separation.
Two canonical discriminant analyses were 
performed, one using all taxa of the complex (CVAI), and 
the second consisting of R. maxima. R. nitida. R. 
scabrifolia and R. texana (CVAII). In CVAI, the first 
two canonical variates were responsible for 95% of the 
variation (table 1.5). The characters contributing most 
to the separation in cvl were the leaf variables LW 
(basal leaf width), LM (leaf margin), SW (upper stem 
width), and LL (basal leaf length). The second dimension 
(cv2) accounted for only 3% of the variation and DL (disk 
length), LW (basal length width), and HN (head number) 
were the characters attributing to this difference.
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Five distinct groups are recognized in CVA I. All 
specimens of each taxon were grouped together, except an 
overlapping cluster of R. scabrifolia and R. auriculata 
(fig. 1.4). In CVAII, there were four non-overlapping 
groups, each representing a different species (figs. 1.5 
and 1.6). The first two canonical variates made up 100% 
of the separation with 76% being in the first dimension. 
The floral characters HN (head number), RL (ray length), 
and DL (disk length) contributed to the results of this 
analysis.
RUDBECKIA CALIFORNICA GROUP
Analyses of the R. californica group are based on 
characters shown in table 1.6 and the data matrix in 
table 1.7. The principal component analysis was 
conducted on the three taxa included in the R. 
californica group. Ninety-eight percent of the variation 
in PC space was accounted for in the first three 
principal components, with characters LS, LM, TL, and TW 
responsible for the variation in pci and pc2. Stem 
length (SL), stem width (SW), leaf margin, (LM), and 
teeth length (TL) were the characters contributing to the 
separation in pc3 (table 1.8). Rudbeckia qlaucescens 
illustrated as clubs in the three dimensional graph (fig. 
1.7), is distinct from the other taxa in all three 
dimensions. Rudbeckia klamathensis (pyramids) and R.
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californica (spades) occupy similar space in pci and pc2, 
but widely separate in the 3rd dimension.
The canonical variance analysis also forms three 
distinct clusters representing each taxon (fig. 1.8). 
Eighty-three percent of the separation occurs in cvl.
The statistical test provided by this analysis were all 
significant at the 0.05 level (table 1.9). Three of the 
characters responsible for the distinctiveness in cvl 
were vegetative features (TL, TW, and LM). Disk corolla 
length (DL) was also an important character in this 
dimension. Floral characters (RL, RW, DW,and BL) were 
the main source of information in cv2.
RUDBECKIA OCCIDENTALIS GROUP
The three species of coneflowers lacking ray flowers 
form this group. Seventeen characters (table 1.10) were 
measured to form the data matrix (table 1.11). In a two 
dimensional principal components analysis, vegetative 
characters contributed to the distinctiveness of the 
three species into different clusters (fig. 1.9). 
Pubescence was the most important feature distinguishing 
the taxa in pci. Rudbeckia aloicola has the highest 
degree of pubescence; R. montana has virtually no 
indument, and R. occidentalis is intermediate between the 
other two species. Leaf teeth length was also 
instrumental in the placement of individuals in pci as
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well as pc2. The first two principal components make up 
89% of the variation among the taxa while 92% occurs in 
the first three dimensions.
The canonical variance analysis is similar to the PCA 
study in placing the three rayless coneflowers in three 
distinct clusters (fig. 1.10). The maximum separation 
among the species occurs in cvl, with leaf surface (LS) 
and pappus length (PL) contributing most to this 
separation (table 1.12).
Flavonoid Analysis
Eighteen flavonoid compounds were detected in 
foliar extracts of Rudbeckia: 12 in subg. Rudbeckia, 10 
in subg. Macrocline. and six in subg. Laciniata (table 
1.13). The known compounds include the C- 
glycosylflavones (Isovitexin-diglycoside, Isoorientin, 
2'i-o-glycosylvitexin and Vitexin rhamnoside) ,and the 
flavonols (herbacetin 3-O-glycoside, quercitrin, 
patulitrin, saponarin, and quercetagetin). The remaining 
flavonoids are unknown, due to the low concentrations 
(table 1.14).
The UPGMA phenogram based on similarity separated the 
taxa into two groups (fig 11). The first group contained 
only species of subg. Rudbeckia. with R. fulqida being 
close to R. hirta. and they are similar to R. 
missouriensis. Rudbeckia arandiflora and R. mollis are
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the most similar based on flavonoid data and allied to R. 
triloba. Rudbeckia subtomentosa and R. graminifolia are 
sister taxa clustering away from the other species.
These taxa have the flavonoid hebacetin 3-0-glycoside in 
common with each other and it is lacking from the species 
of the second group.
This cluster is composed mainly of subg. Macrocline 
with the exception of R. laciniata and R. heliopsidis a 
rare species of subg. Rudbeckia. There are four main 
groupings: 1. R. auriculata is most like R.maxima and R. 
nitida. 2. R. californica has a flavonoid complement 
similar to that of R. heliopsidis and R. scabrifolia. 3. 
R. mohrii and R. texana are sister taxa, and 4. R. 
occidentalis and R. laciniata cluster together. Groups 
(1-3) have the compounds isovitexin-diglycoside and 
isoorientin in common, while group 4 lacks the 
isovitexin-diglycoside.
Cytological Analysis
Meiotic chromosome counts of taxa in subg. 
Macrocline were all n=18 and are reported in (table 
1.15). Figure 1.12 illustrates the chromosome complement 
of R. scabrifolia (Cox 4907). Other species observed 
were R. auriculata. R. californica. R. alaucescens. R. 
klamathensis. R. maxima. R. montana. R.occidentalis. and 
R. texana. A mitotic chromosome count of 2n=36 was made
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from the root tip of germinating achenes of R. auriculata 
(Cox 4972) (fig. 1.12).
Electron Microscopy
Micromorphological structures can be useful 
characters in systematic studies (Baag^e 1979).
Eventhough these characters were excluded from the 
morphometric analyses, they are important in 
characterizing species in subg. Macrocline.
Several characters were observed using SEM. The 
first was a comparison of the upper (adaxial) and lower 
(abaxial) leaf surfaces. Six species were found to be 
glabrous on the abaxial surface. These include R. 
glaucescens (Plate 1 fig 5), R. klamathensis (Plate 1 fig 
2), R. maxima (Plate 1 fig 6), R. mohrii (Plate 1 fig 3), 
R. montana (Plate 1 fig 4), and R. scabrifolia (Plate 1 
fig 1). Rudbeckia glaucescens and R. maxima both are 
glaucous and the micrographs of dried leaf specimens 
shows the waxy "bloom" present over the cuticle.
Six species possess varying degrees of pubescence 
on the lower leaf surface. R. auriculata (Plate 2 fig 1) 
and R. texana (Plate 2 fig 2) have similar hairs that are 
multicellular, and fusiform with a blunt tip. Rudbeckia 
nitida (Plate 2 fig 3) is the only taxon with conical 
unicellular hairs. Rudbeckia aloicola (Plate 2 fig 6), R. 
californica (Plate 2 fig 5) and R. occidentalis (Plate 2
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fig 4), have multicellular trichomes with apiculate 
apices.
Four species were found to be glabrous on the 
adaxial leaf surface. These included R. californica 
(Plate 4 fig 1), R. mohrii (Plate 4 fig 2), R. 
glaucescens (Plate 4 fig 3), and R. maxima (Plate 4 fig 4 
and Plate 8 fig 3). Both R. glaucescens and R. maxima 
have sunken stomates on the upper surface. Eventhough 
the leaf surfaces are glabrous,
most species have trichomes present on the leaf margins 
as illustrated by R̂ . californica in Plate 8 fig 4.
Rudbeckia auriculata (Plate 4 fig 5 and Plate 8 fig 
1) has two types of trichomes located on the adaxial 
surface, a conical unicellular type and a fusiform 
multicellular type. Rudbeckia nitida (Plate 4 fig 6) has 
unicellular conical hairs.
The remaining species possess unicellular to 
multicellular hairs on the upper leaf surface. Rudbeckia 
montana (Plate 3 fig 1) is essentially glabrous, but has 
apiculate unicellualr hairs on the veins. Rudbeckia 
texana (Plate 3 fig 2) has short fusiform multicellular 
(2-3 cells) trichomes sparsely scattered on the upper 
surface. Rudbeckia alpicola (Plate 3 fig 6), R. 
klamathensis (Plate 3 fig 5), and R. occidentalis (Plate 
3 fig 3) have similar shaped trichomes that include a
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broad basal cell and 3 or more cells per hair with 
swollen "nodes'* tapering to an apiculate apex. Rudbeckia 
scabrifolia (Plate 3 fig 4) has a unique trichome type. 
The basal cell is attached to five epidermal cells 
forming a radially lobed structure. The hairs are 
multicellular, tapering abruptly to an apiculate apex.
Another character investigated with SEM was the 
degree of pubescence found on the receptacular bracts. 
Rudbeckia maxima (Plate 5 fig 1), R. mohrii (Plate 6 fig 
4) and R. nitida (Plate 5 fig 4) were found to lack 
trichomes at the apex of the palea. Moderate 
distribution of hairs was found on R. auriculata (Plate 7 
fig 2), R. montana (Plate 6 fig 3) and R. texana (Plate 5 
fig 3). Long trichomes that densely covered the apices 
of the palea were observed on R. alpicola (Plate 6 fig 
1), R. californica (Plate 7 fig 1), R. glaucescens (Plate 
7 fig 4), R. klamathensis (Plate 7 fig 3), R. 
occidentalis (Plate 6 fig 2), and R. scabrifolia (Plate 5 
fig 2).
Cladistic Analysis
The taxa delimited with the aid of the 
chromosome, flavonoid and morphometric studies, were 
subjected to a cladistic analysis to assess the 
phylogenetic relationships among the species of subg. 
Macrocline. The characters are defined in table 1.16 and
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the data matrix produced is shown in table 1.17. Using 
Ratibida to polarize the characters and adding Rudbeckia 
fulaida and R. laciniata sensu lato as outgroups, four 
54-step most parsimonious cladograms were produced with a 
consistency index (Cl) of 0.519 (fig. 1.13). Species of 
subg. Macrocline are a monophyletic group closely related 
to R. laciniata. A clade composed of the three rayless 
coneflower species was shown to be the most primitive 
group. The remaining taxa form a monophyletic group 
containing two clades. The first consists of R. 
auriculata and R. nitida as sister taxa most closely 
related to R. klamathensis. This group then shows a 
close affinity to R. scabrifolia. The second group 
contains R. glaucescens and R. maxima as sister taxa.
The other members of this clade are: R. mohrii. R
californica. and R. texana.
DISCUSSION
The results support the recognition of 12 distinct 
species in Rudbeckia subg. Macrocline and the exclusion 
of R. laciniata. The PCA and CVA of the three species 
groups, demonstrate the morphological variation and 
limits of the species. The analysis of the R. nitida 
group indicates that R. texana is as different from R. 
nitida as R. nitida is from any of the remaining taxa in 
that complex. Based on the results of this morphometric
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study and the geographic isolation of the two taxa, R. 
texana was elevated from varietal to species level (Cox 
and Urbatsch 1989) . In Perdue's (1962) original 
description of this taxon, he noted there was enough 
morphological evidence to treat it as a distinct species, 
but did not, because of his conservative taxonomic 
treatment of other species in Rudbeckia.
The R. californica complex was shown to contain three 
morphologically distinct species. Rudbeckia californica 
and R. glaucescens are at the two extremes 
morphologically with R. klamathensis occurring between 
the two. Pollen viability tests were made from herbarium 
material of R .  klamathensis. The pollen was shown to be 
less than 40% viable, suggesting that this species could 
be of hybrid origin between the two former taxa. A 
hybrid index was constructed, but failed to show two 
widely different parents with intermediate hybrids, 
typcial of a modern hybrid swarm. Rudbeckia klamathensis 
is endemic to Trinity and Siskiyou Counties in northern 
California, geographically separate from R. glaucescens 
by the Pacific mountain range and from R. californica by 
approximately 140 km and the Sierra Nevada Range.
Possible confirmation of this species as an ancient 
hybrid could be sought through electrophoretic or DNA 
studies of these species.
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The three rayless coneflowers (R. alpicola. R. 
montana. and R. occidentalis) are also distinct from each 
other. Largely because of the lack of rays, these taxa 
were combined into one species with three varieties 
(Perdue 1959). However, due to their allopatric 
distribution and the distinctiveness of the clusters in 
the morphometric analyses, these taxa are considered to 
be three species.
Chemical evidence also supports the exclusion of R. 
laciniata from subg. Macrocline. Vasquez (1989) found 
sesquiterpene lactones to be present in various species 
of subg. Macrocline. (R. maxima. R. nitida, R. texana. R. 
scabrifolia), but did not find them to occur in R. 
laciniata.
The cladistic analysis confirms the separation of 
R. laciniata from subg. Macrocline. Referring back to 
the cladogram of fig. 1.13, two synapomorphies, achenes 
quadrangular (10) and ray flowers not subtended by 
receptacular bracts (11), support the monophyly of the 
genus Rudbeckia. Subg. Laciniata is defined on the basis 
of character 14 (disk flowers yellow), which is a unique 
character among the coneflower taxa. The twelve species 
of subg. Macrocline form a natural group united by two 
synapomorphies, receptacular bracts surrounding the 
achenes (8), and receptacular bract length equal to or
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slightly surpassing the achene (9). Line drawings of the 
achene-receptacular bract unit for each taxon in subg. 
Macrocline are illustrated in Figs 19 and 20. The 
rayless coneflowers form a clade with the node supported 
by the character (15) , lack of rays.
Rudbeckia auriculata and R. nitida are sister taxa 
each having moderately pubescent palea (20) and related 
to R. klamathensis and R. scabrifolia. This clade was 
supported by a parallelism, disk length less than 29 mm 
(12). The sister taxa, R. maxima and R. glaucescens. are 
supported by the synapomorphies, of glaucous leaf surface 
(4) and sunken stomates(18). The remaining members of 
this clade are R. mohrii. R. californica and R. texana.
A strict consensus tree (fig. 1.14) was produced 
from the four 54-step equally most parsimonious 
cladograms representing the subg. Macrocline. The 
species of subg. Macrocline are united into a 
monophyletic group separated into two clades. The first 
contains the species of rayless coneflowers, the second 
includes the remaining taxa.
COMCLUSIONS
The morphometric, chemical, cytological, and 
cladistic analyses used in this study of Rudbeckia subg. 
Macrocline provided the basis for the following 
conclusions: (1) The morphometric analyses support the
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recognition of 12 species in subg. Macrocline. (2)
Based on flavonoid chemistry, Rudbeckia can be divided 
into three subgenera. The species in subg. Macrocline 
possess similar flavonoid complements and differ in 
flavonoid compounds from subg. Rudbeckia and Laciniata. 
(3) Cytological studies show that subg. Macrocline has a 
base chomosome number of x=18. Counts for R. laciniata 
were inconsistent with that base number and are reported 
in Chapter 2. (4) The phylogenetic analyses support
separation of subg. Macrocline into two monophyletic 
groups, which are formally recognized at the level of 
section. Section Askomia is comprised of the three 
species of rayless coneflowers (sect. Askomia) and sect. 
Macrocline to accommodate the remaining nine taxa.
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TAXONOMIC TREATMENT
Genus Rudbeckia L. Species plantarum Vol 2:906. 1753.
Genera plantarum Ed. 5:387 (1754).
Lectotype: Rudbeckia hirta L. Britton and Brown, 
111. FI. N. US. ed 2 vol 3: 469. 1913.
Annual or perennial herbs with alternate leaves; 
involucre hemispheric; involucral bracts imbricate in 2 
or more series; receptacle conic to columnar, the 
receptacular bracts acute; ray flowers present (absent in 
three species), sterile; bright yellow to orange yellow 
(maroon in R. araminifolia); disk flowers numerous, 
fertile, stamens five, style branches with tips blunt or 
subulate, corolla with 5 lobes dark to yellow or green, 
achenes quadrangular, striate, pappus when present an 
entire crown or made up of 2 to 4 unequal scales.
Key to the Subgenera and Sections of Rudbeckia
1. Disk corollas, style branches and anthers yellow
 R. subg. Laciniata
1. Disk corollas, style branches and anthers dark....2
2. Ray flowers yellow-orange (maroon in R. graminifolia). 
disk flowers purple, palea exceeding the length of 
the achene, receptacle conical, never columnar, 
pappus a short crown or absent, plants usually
less than 1 meter tall........... R. subg. Rudbeckia
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2. Ray flowers bright yellow (absent in 3 species), 
disk flowers light brown to reddish brown, some 
with green corolla lobes, receptacle strongly 
conic to columnar, pappus a crown or toothed
1.0 mm or greater, plants usually greater than
1 meter tall.......................................3
3. Ray flowers present..................................
................ R. subg. Macrocline sect.Macrocline
3. Ray flowers absent.R. subg. Macrocline sect. Askomia
Key to the Species of Subg. Macrocline
1. Basal and stem leaves less than 1 cm wide..........
........................................ (6) R. mohrii
1. Basal and stem leaves greater than 1 cm wide........ 2
2. Leaves glabrous or hairs present only on the leaf
margins or veins on the abaxial surface............. 3
2. Leaves pubescent to scabrous on either upper or lower
surfaces or both......................................8
3. Leaves glaucous and bluish green in fresh material; in 
dried specimens, foliage appears white in UV light..4
3. Leaves green, not glaucous; in dried specimens,
foliage appears dark in UV light.....................6
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4. Disk greater than 5 cm long; leaf margins entire to 
remotely denticulate, mid-cauline leaves pandurate, 
clasping; AR, LA, OK, TX...............(5) FLs. maxima
4. Disk less than 5 cm; leaf margins entire to lobed, 
mid-cauline leaves lanceolate to oblanceolate not 
pandurate, not clasping; Northern California and 
Southern Oregon.....................................5
5. Disk 2.5-4.5 cm long; basal leaves entire, 3,7-6.0 cm 
wide, leathery; Del Norte Co., CA and Southern 
Oregon............................(3) R̂ . alaucescens
5. Disk less than 2.5 cm long; basal leaves lobed, (lobes
to 3.5 cm long), 7.0-17.0 cm wide, herbaceous; endemic
to Trinty and Siskiyou Cos., CA. (4) R*. klamathensis
6. Basal and cauline leaves deeply lobed (appearing
compound); ray flowers absent; Colorado Rockies with
outliers in Washington and Iron Cos., Utah..........
....................................... (11) Rj. montana
6. Basal and cauline leaves entire, ray flowers present; 
southeastern United States......................... 7
7. Basal leaves greater than 6.0 cm wide; disk to 6.0 cm 
long, palea apices appressed to disk in young heads; 
western Louisiana and eastern Texas...(9)R. texana
7. Basal leaves less than 6.0 cm wide; disk less than
4.0 cm long; palea apices erect to somewhat
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reflexed in young heads; northern Florida and 
southern Georgia...................... (7) nitida
8 . Leaves scabrous, with short conic hairs, margins
denticulate to dentate; capitulescence branched, 3-20 
heads per plant; southeastern United States.......9
8. Leaves moderately to densely pubescent, with 
multicellular hairs; margins dentate to deeply lobed; 
heads usually solitary; Western United States....10
9. Plants greater than 2 meters tall; stems green and
glaucous; bases of cauline leaves auriculate, 
clasping; heads usually more than 10 per plant, disk 
less than 5.0 cm long, achene 3-4 mm long; endemic to 
Alabama........................... (1) R*. auriculata
9. Plants less than 2 meters tall, stems purple and
glaucous; bases of cauline leaves rounded, not 
auriculate-clasping; heads fewer than 10 per plant, 
disk greater than 5.0 cm long, achene greater than 4 
mm, endemic to hillside bogs and seeps in western 
Louisiana and eastern Texas..... (8) Rs. scabrifolia
10. Rays present; Sierra Nevada Range. (2)Ra. californica
10. Rays absent; western United States............... 11
11. Leaf margins dentate, lower cauline leaves less than
20.0 cm long, slightly to densely pubescent, mostly on 
the lower surface; disk to 4.0 cm, pappus a continuous
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crown; widely distributed at high elevations in the
northern Rocky Mts. and Pacific states..............
................................. (12) R*. occidentalis
11. Leaves deeply lobed, lower cauline leaves greater 
than 20 cm long; leaves densely pubescent on both 
surfaces; disk 4.6-7.0 cm long, pappus not continuous 
but of 4-5 individual scales on the achene angles;
Endemic to Kittitas and Chelan Counties WA........
.................................... (10) R. alpicola
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Rudbeckia subg. Macrocline (T. & G.) Cox and
Urbatsch, stat. nov. Rudbeckia sect. Macrocline 
T. & G. Flora of North America Vol 2: 312. 1841 —  
LECTOTYFE: here designated, Rudbeckia nitida Nutt. 
Perennial herbs from an elongated rhizome; 
stems erect, unbranched except in the capitulescence, 0.5 
to 3 meters tall, green to purple, glaucous. Leaves, 
simple, basal and cauline; basal ones forming a 
persistent rosette, long petiolate; blades ovate to 
narrowly lanceolate, deeply lobed and may appear 
compound; margins crenate, dentate, entire or serrate; 
apices acute to obtuse; bases attenuate, cuneate, or 
rounded; upper surfaces glabrous, hirsute, or scabrous, 
glaucous in some species; lower surfaces similar except 
usually more glabrous than above. Cauline leaves 
progressively smaller to the capitulescence; lower ones 
petiolate, upper ones sessile, blades linear, ovate, to 
pandurate, undivided to deeply lobed; margins dentate, 
entire, to serrate; apices acute to obtuse; bases 
auriculate, rounded, to attenuate; upper and lower 
surfaces glabrous, hirsute, or scabrous, glaucous in some 
species. Capitulescence terminal with solitary heads on 
long peduncles or with numerous heads on a branched cyme; 
heads radiate or discoid with receptacles narrowly 
conical, foveolate, paleate; involucres broadly
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hemispheric, conic to strongly columnar 1-5.5 cm (8 cm 
reported in R. maxima) long, 1.2-3 cm wide; involucral 
bracts from 8-15 in 2 to 3 series, subequal, longest 
phyllary 6-15 mm long, lanceolate to oblanceolate, 
basally scarious, apically herbaceous, margins often 
ciliate, and reflexed; receptacular bracts (palea) 
conduplicate, longer than the achenes, acute, canescent 
toward the tips. Ray flowers absent or number 8-12 in one 
series, corollas with a tube ca. 1 mm long; ligules 
oblanceolate to obovate, 20-52 mm long, 4.5-20 mm wide, 
bright yellow, apices usually notched; ovary non­
functional, style branches undeveloped. Disk flowers 
number 100 to over 500, corolla shape funnelform to 
tubular; tube 1 mm long; throat 3.5-5 mm expanded, 
upwardly light brown to reddish brown; lobes 5, 
triangular, 0.8 mm long, upright to spreading, green to 
purple, margins papillate; anthers 5, purple, appendanges 
triangular; styles branched 3.5-5 mm long, recurved. 
Achenes quadrangular, 3-8 mm long, brown to black, 
striate; pappus a continuous crown or 2-4 unequal scales,
0.5-2 mm long. Chromosome number x=18. Flowering May- 
October.
Distribution: Scattered throughout the southeastern 
and western United States. The six species that are 
restricted to the southeastern Coastal Plain include:
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Rudbeckia auriculata. R. maxima. R. mohrii, R. nitida. R. 
scabrifolia. and R. texana. With the exception of R. 
maxima, the remaining species are found in wet sandy 
areas along roadside ditches, creekbanks, and seeps in 
the longleaf pine regions of the Southeastern U.S. R. 
auriculata. R. mohrii. and R. scabrifolia can be found 
associated with acid bog habitats found in association 
with the longleaf pine regions of the southeast.
Rudbeckia maxima occupies wet habitats on roadsides and 
in fields, but is restricted on clay to loamy soils.
Of the six species occuring in the western United 
States, five have very limited distributions. Rudbeckia 
alpicola is restricted to Chelan and Kittitas Co., WA;
R. californica occurs in the California counties of the 
Sierra Nevada Range; R. alaucescens is limited to 
hillside bogs in extreme NW California and SW Oregon; R. 
klamathensis is restricted to the Klamath Mt. region of 
Trinity and Siskyou Cos., CA; and R. montana can be found 
on the western slope of the Colorado Rockies with 
outliers in Iron and Washington Cos., UT. Rudbeckia 
occidentalis is the only species with a wide 
distributional range, occurring in most of the western 
states with the exception of AZ, CO, and NM.
Rudbeckia subg. Macrocline is divided into two 
sections based on presence or absence of ray flowers.
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The typical section, with nine species is radiate and the 
three species in sect. Askomia lack ray flowers.
Rudbeckia subg. Macrocline (T. 6 6.) Cox and Urbatsch 
sect. Macrocline. Rudbeckia sect. Macrocline T. & G., 
Flora of North America Vol 2:312. 1841.
1. Rudbeckia auriculata (Perdue) Krai, Rhodora 77:44-52. 
1975.— Rudbeckia fulcrida Ait. var. auriculata Perdue. 
Rhodora 63:119-120. 1961. TYPE: ALABAMA, COVINGTON CO.,
Moist soil along state Hwy 55, 11 mi S of McKenzie (2 mi 
N of Red Level), Perdue 2177b. 24 Jul 1958 (holotype:
GH!; isotypes: F!, GH!, US!).
Robust, rhizomatous perennial; stems erect to 3 
meters tall, green, glaucous. Leaves basal and cauline; 
basal ones to 65 cm long, blades oblong to oblanceolate 
to ovate-lanceolate; margins crenate to entire; bases 
attenuate; upper surfaces scabrous; lower surfaces 
scabrous to subglabrate. Cauline leaves 15-40 cm long 
progressively reduced up the stem, sessile, blades ovate; 
margins entire to dentate or coarsely serrate; apices 
acute; bases auriculate-clasping; upper and lower 
surfaces slightly pubescent to sparsely scabrid. 
Capitulescence composed of many heads in an open, broadly 
convex paniculate cyme; heads radiate, involucre conic, 
1.2-1.6 cm tall and 1.2-1.7 cm wide; involucral bracts 
biseriate, longest bract to 8.0 mm long; receptacular
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bracts 4.0-5.0 mm long, light-dark brown, scabrous at the 
apex. Ray flowers bright yellow, ligules oblanceolate 
18-30 mm long. Disk flowers numerous (150-200), corolla 
funnelform, purple-brown 3.0-3.2 mm long (tube and 
throat), styles 2.8 mm long. Achenes 3-5 mm long; pappus 
with prominent uneven 4-6 scales up to 2 mm long. 
Chromosome number, n=l8. Flowering July-October.
Distribution: Endemic to wet sandy creekbanks and 
roadsides in southern Alabama with an outlier population 
in north-central Alabama (fig. 1.19). A collecting trip 
in Dec. 1986 to the type locality found the location 
destroyed by new highway construction; however, other 
nearby known populations were thriving. Rudbeckia 
auriculata has morphological and habitat similarities to 
R. scabrifolia. an endemic to East Texas, and western 
Louisiana, but is probably more closely related to R. 
nitida and mohrii. species that also occupy habitats 
in the eastern part of the southeastern coastal plain.
Representative Specimens
ALABAMA: BARBOUR CO., Swampy ditch beside low oak 
forest Lugo, 12 Sep 1968, Krai 33300 (FSU, US).
COVINGTON CO., Creekbank at mile marker 8 on hwy 54 NE of 
Florala, 7 Dec 1986, Cox & Cox 4972 (LSU). CRENSHAW CO., 
Sandy creek bottom by US 231, N side of Luvergne, 16 Aug 
1968, Krai 32421 (MO). GENEVA CO., Ditch beside hwy 82,
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5.2 mi N of Samson, 7 Dec 1986 Cox & Cox 4973. (LSU).
PIKE CO., Pike Co. Lake, 9 Aug 1980, McDaniel and Havnes 
24310 (TEX, UC). ST. CLAIR CO., Abundant in wet stream 
bottom, 4 mi N of Leeds, 27 Sep 1972, Krai 48579 (FSU).
2. Rudbeckia californica A. Gray, Proc. Amer. Acad.
7:357. 1868. TYPE: CALIFORNIA: TULARE CO., Meadows near 
Big Tree Grove. Yosemite Nat. Park, 1866, Bolander 4980 
(holotype: GH!; isotypes US!, F!).
Perennial from a fibrous rootstock; stems erect 0.5 
to 1.5 m tall, green and glaucous. Leaves basal and 
cauline; basal leaves 15-3 0 cm long, blades oblong to 
oblanceolate; margins coarsely and irregularly toothed, 
often ciliate; bases attenuate; upper leaf surface 
glabrous to sparsely pubescent, lower leaf surface 
pubescent with scattered multicellular trichomes.
Cauline leaves 10-25 cm long progessively smaller toward 
the capitulescence, sessile, blades elliptic; margins 
entire to irregularly toothed; apices acute; bases 
rounded; upper and lower surfaces similar to basal leaf 
surfaces. Capitulescence terminal cymose with 1-4 heads 
per plant; heads radiate, involucre conic-cylindrical to
6.0 cm high, 1.4-2.5 cm wide; involucral bracts 
biseriate, lanceolate, longest bract to 10.0 mm, glabrous 
to slightly scabrous with ciliate margins; receptacular 
bracts 6.0-7.0 mm long, green-light brown, scabrous at
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the apex. Ray flowers bright yellow, ligules oblanceolate 
3.0-5.0 cm long, 1.0-1.6 cm wide. Disk flowers numerous 
(200-300), corolla funnelform, light brown to dark yellow
3.5-5.0 mm long, styles 4 mm long. Achenes 5.0-6.0 mm 
long; pappus a crown up to 1.0 mm tall. Chromosome 
number n=18. Flowering Late July - Early September.
Distribution: (Fig 1.20) Uncommon to rare in wet 
habitats such as open meadows and along streams in 
coniferous forest of the Sierra Nevada Range between 4800 
and 7800 ft. elevation. Many of the first collections of 
this species were found on early explorations into 
Yosemite National Park growing in association with 
Secruoiadendron gigantea. Original label data concerning 
localities would simply state "Giant Forest". It is 
interesting to note the morphological and habitat 
similarities between R. californica and the southeastern 
species of subg. Macrocline. Based on cladistic 
analyses, R. californica is more closely related to R. 
texana of the southeast than to the other species found 
on the Pacific Coast.
Representative specimens examined
CALIFORNIA: ALPINE CO., Along Clark Creek Fork of
the Stanislaus River, 7 mi from the intersection with CA 
Hwy 108, 14 Aug 1988 Cox et̂ . al 5316 (LSU). CALAVERAS 
CO., Near hwy between Dorrington and Camp Connell (5000
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ft.), 18 Aug 1936, Stebbins 2056 (UC, RM). ELDORADO CO., 
4 mi NE of Morrison1s-Pyramid PK quadrangle (6300 ft),
245 Jul 1934, Gifford 311 (RM, UC). FRESNO CO., Ball 
Diamond Meadow-Shaver Lake, 20 Jul 1953, Ouibell 2876 
(JEPS) GLENN CO., Sloping meadow along hwy just S of 
Plaskett Ranger Sta. (6200 ft), 9 Aug 1943, Baker 10666 
(UC). MARIPOSA CO., Mariposa Sequoia Grove, 1866, 
Bolander 4980 (MO). TULARE CO., Kern Plateau? Red Rock 
Canyon (8650 ft), 29 Aug 1971, Twisselman et al. 18321 
(JEPS). TUOLUMNE CO., W slope Sierra Nevada, Sonora 
Pass Rd., 4 mi W of Summit (8000 ft), 21 Sep 1933, Wolf & 
Stark 5461 (TEX). SIERRA CO., Downieville by roadway 
(3500 ft), 30 Jul 1934, Jepson 16777 (JEPS).
3. Rudbeckia alaucescens Eastwood, Leafl. West. Bot. 
2:55. 1937. Rudbeckia. californica A. Gray var. qlauca 
Blake Jour. Wash. Acad. Sci. 21:330. 1931. TYPE: 
CALIFORNIA: DEL NORTE CO., 20 mi. NE of Crescent City, 
on road to Grants Pass, 30 Aug 1927, Blake 10377 
(holotype: US!; isotype LL!).
Perennial from fibrous rootstock; stems erect to 1.5 
m tall, green and glaucous. Leaves coriaceous; basal and 
cauline; basal leaves 20-30 cm long, 4-6.2 cm wide, 
lanceolate; margins entire; bases attenuate; apices 
acute; upper and lower surfaces glaucous and glabrous 
with sunken stomates. Cauline leaves progressively
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reduced up the stem, sessile, 15-25 cm long, 3-8 cm wide; 
blades lanceolate; margins entire to minutely serrate; 
apices acute, bases cuneate; leaf surfaces similar to 
basal leaves. Capitulescence terminal cymose containing
1-4 heads per plant; heads radiate, involucre conic- 
cylindrical 2.5-4.5 cm long, 1.8-2.2 cm wide; involucral 
bracts biseriate, lanceolate, glaucous, glabrous with 
ciliate margins, longest bract to 16 mm long; 
receptacular bracts light brown, 5-6.5 mm long, densely 
hirsute at the apex. Ray flowers yellow, ligules 
oblanceolate 2.5-4 cm long, 0.8-1.2 cm wide. Disk 
flowers many (250-400) per head, corolla funnelform, 
light brown 3-4 mm long. Achenes 4-5.5 mm long; pappus a 
crown of scales 0.8-1.2 mm tall. Chromosome number n=18. 
Flowering July-September.
Distribution: (Fig 1.21) hillside bogs of SW
Oregon and NW Californica, often growing in association 
with Darlinqtonia californica Torr. Even though R. 
glaucescens is restricted to the extreme western United 
States, it has evolved morphological characters and 
habitat preferences similar to southeastern species. 
Rudbeckia maxima also has glaucous leaves and R. 
scabrifolia occupies hillside bogs in western Louisiana 
and eastern Texas. Rudbeckia glaucescens has been 
considered to be a variety of R. californica. however
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they share only a few morphological characters such as 
conic involucres and yellow ray flowers. These two 
species occupy different habitats and they have different 
leaf characters (i.e. shape, texture, pubescence, waxy 
covering).
Representative specimens:
CALIFORNIA: DEL NORTE CO., Southward facing slope along
dry creek bed on Forest Service Rd. 17N49, 1.1 mi from 
Spring Rd. , 18 Aug 1988, Cox et al̂ . 5317 (LSU) . TRINITY
CO., West side of Trinity River near Trumble Ranch, 
along road from Callahan to Carville (3500 ft), 19 Jul 
1937, Stebbins &. Jenkins 2462 (UC) .
OREGON: COOS CO., Iron Mt. east slope, Darlinqtonia bog, 
11 Aug 1946, Baker 3142 (OSC). CURRY CO., Hillside seep 
0.5 mi S of Vulcan Lake Trailhead (3500 ft), 11 Jul 1981, 
Greenleaf 973 (OSC). DOUGLAS CO., W of Cornutt (711 
ft), 26 Jul 1918, Lawrence 2102 (OSC). JACKSON CO., 
Goolway Gap, marshy area along tributary of W Fork Evans 
Creek (3000 ft), 3 Jul 1981, Greenleaf 684 (OSC). 
JOSEPHINE CO., North of Cave Junction off US hwy 199 on 
Eight Dollar Rd., 18 Aug 1988, Cox et al. 5318 (LSU).
4. Rudbeckia klamathensis nom. nov. Rudbeckia 
californica A. Gray var. intermedia Perdue, Rhodora 64: 
328. 1962. TYPE: CALIFORNIA: SISKIYOU CO., Mt. Eddy, 1 
Sep. 1913, Smith 557 (holotype:GHI; isotype at US!).
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Perennial from fibrous rootstock; stems erect 0.5-
1.0 m tall, green and glaucous. Leaves not coriaceous, 
basal and cauline; basal ones to 28.0 cm long, 12.0 cm 
wide, blades ovate to ellipic; margins toothed to lobed; 
apices acute; bases attenuate; upper and lower surfaces 
sparsely pubescent to glabrous. Cauline leaves 
progressively reduced up the stem, sessile, 13.0-26.0 cm 
long, 7.0-14.0 cm wide; blades lyrate to ovate; margins 
lobed to toothed; apices acute, bases cuneate; upper and 
lower surfaces sparsely pubescent to glabrous. 
Capitulescence terminal cymose 1-5 heads per plant; heads 
radiate, involucre conic-cylindrical 2.0-4.0 cm long,
1.5-2.0 cm wide; involucral bracts biseriate, obovate, 
glabrous, ciliate margins, longest to 15.0 mm long; 
receptacular bracts 5.0-6.0 mm long, light-dark brown, 
densely pubescent at the apex. Ray flowers yellow, 
ligules oblanceolate 25-30 mm long, 5-10 mm wide. Disk 
flowers many (180-300) per head; corolla urceolate; dark 
brown 3.5-4 mm long; styles 4.2 mm long. Achenes 4.5-6 
mm long; pappus a crown of scales 1.0-1.5 mm long. 
Chromosome number n=18. Flowering August-September.
Distribution: (Fig 1.21) Endemic to the Klamath 
Mt. region of Siskiyou and Trinity Cos., CA, found in 
moist areas along mountain streams.
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Perdue (1963) distinguished the plants from the 
Klamath Mt region as a variety of R. californica (var. 
intermedia). He also considered R. glaucescens to be a 
variety of R. californica (var. olauca) as well. The 
original specimens of R. klamathensis were identified as 
being var. alauca. Upon examination of these specimens, 
it is apparent that they are somewhat intermediate 
between R. californica and R. glaucescens and may 
represent an ancient hybrid, but additional research is 
needed to confirm this hypothesis. R. californica and R. 
glaucescens were separated into different species on the 
bases of reproductive isolation and morphological 
character differences. Based on these same criteria, R. 
californica var. intermedia was elevated to specific 
level to be consistent with the taxonomic treatment of 
other groups of Rudbeckia. The specific epithet 
klamathensis was chosen to represent the geographical 
location of the species. We were unable to use 
intermedia as the specific epithet because there has been 
a R. intermedia ? which is now a synonym of R. 
subtomentosa (Pursh 1914) .
Representative specimens:
CALIFORNIA: SISKIYOU CO., Near El Capitan Lake (5000
ft), 11 Aug 1971, Kraemer 296 (RM). TRINITY CO., Moist 
ditchbank along Eagle Creek Rd, 0.5 mi from intersection
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with CA hwy 3, N of Weaverville, 19 Aug 1988, Cox et al. 
5321 (LSU).
5. Rudbeckia maxima Nutt., Trans. Amer. Philos. Soc. II. 
7: 354. 1840(41). TYPE: OKLAHOMA or TEXAS Red River 
Plains, (holotype: BM? Photo: GH!).
Robust, rhizomatous, perennial to 2 meters tall, 
stems stout, glabrous and glaucous; Leaves coriaceous, 
basal and cauline; basal and lower stem leaves petiolate 
to 33.0 cm long, the blades broadly elliptical to oval, 
pandurate; margins entire to slightly toothed; apices 
broadly acute to rounded; bases attenuate to rounded; 
upper and lower surfaces glabrous and glaucous (the 
glaucousness giving the plant a blue-green appearance). 
Cauline leaves progressively reduced up the stem becoming 
sessile and clasping to 30.0 cm long and 12.5 cm wide, 
blades elliptic, obovate, obtuse; margins entire to 
slightly toothed; apices broadly acute to rounded; upper 
and lower surfaces glaucous, glabrous. Capitulescence 
terminally cymose with few heads (1-3) per plant, heads 
radiate, involucre strongly conic-columnar 4.2-8 cm long,
2-4 cm wide; involucral bracts biseriate, lanceolate, 
glabrous, glaucous with sparsely ciliate margins, longest 
to 8 cm; receptacular bracts 6.5-8 mm long, green-brown, 
moderately to densely hirsute, glabrous at the apex. Ray 
flowers yellow, ligules oblanceolate 40-80 mm long, 10-15
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mm wide. Disk flowers numerous (300-600+) per plant, the 
corolla tubular; brown 4-6 mm; styles 4.5-5.5 mm long. 
Achenes 6.5-7.0 mm long, slightly compressed; pappus a 
crown of scales toothed (4-6) up to 1.5 mm long. 
Chromosome number n=18. Flowering May to early July.
Distribution: (Fig. 1.19) sporatically throughout
east Texas, western Louisiana, southeast Oklahoma, and 
southwest Arkansas becoming extremely abundant in some 
situations. A pasture in Cherokee Co., TX contained well 
over a thousand individuals virtually choking out the 
other vegetation. The farmer was anxious to eradicate 
this coneflower from his land, because the cows would not 
eat it. This particular species is very striking in size 
and appearance and has been collected for cultivation.
It would make an exquisite ornamental if developed 
properly.
The exact type locality of R. maxima is questionable 
as to what state (Oklahoma or Texas) Nuttall was in when 
he collected the original material. According to 
Graustein (1967) Nuttall was "Near the banks of the Red 
River, about the confluence of the Kiamesha," which is 
now located on the boundary of present day Texas and 
Oklahoma. Graustein (1967) also states that the new 
species Nuttall collected were some of the loveliest 
flora of Texas, south of the Red River. However, Pennell
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(1936) illustrates a map of Nuttall's travels from 1818- 
183 6 and does not show Nuttall crossing the Red River 
into Texas.
Rudbeckia maxima differs from the other coneflowers 
in the southeast by being glaucous and prefers a 
different soil type (more clay than sand).
Representative specimens:
ARKANSAS: DREW CO., Monticello ARK, (277 ft.), Jul 
1883, Letterman sn. (MINN, MO). LITTLE RIVER CO., 2 mi 
W of Forman on hwy 108, 3 Jun 1989, Cox and Cox 5312 
(LSU).
LOUISIANA: BIENVILLE PARISH, 1 mi N of Castor on LA 
hwy 792, 3 Jul 1974, Moreland 301 (NLU-2). BOSSIER 
PARISH, Roadbank of LA hwy 157, 0.5 mi east of LA hwy 
162 and Midway, 26 May 1975, Thomas 43888 (NLU). CADDO 
PARISH, Wallace Lake Rd., 1.5 mi N of Wallace Lake, S of 
Forbing, 1 Jul 1980, Thomas et al. 71641 (NLU). DESOTO 
PARISH, 3.5 mi N of Kingston, 6 May 1979, Thomas 64381 & 
Dixon 1298 (NLU). OUACHITA PARISH, Cultivated-West 
Monroe, 3 Jun 1971, Smith 1253 (NLU). SABINE PARISH,
1.4 mi W of Florein and US 171, 7 Jun 1980, Thomas 71623 
& Carroll 1632 (NLU).
OKLAHOMA: BRYAN CO,. 15 mi E of Durant OK, 14 Jun
1946, Burris sn (TEX). CHOCTAW CO., 9 mi E of Ft. 
Towson, 29 May 1961, Waterfall 16040 (NCU). MCCURTAIN
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CO., Roadside of hwy 87 at Walnut Bayou, 3.8 mi W of the 
Arkansas State line, 3 Jun 1989, Cox and Cox 5313 (LSU).
COUNTIES UNKNOWN, Southern Indian Territory Frisco R.R. 
prairie ground, 19 Jun 1898, Glarfelter sn. (MO-2). 
Stringtown, Choctaw Nation, 25 Jun 1891, Sheldon 70 
(MINN).
TEXAS: ANDERSON CO., Roadside of US 84 ca. 5 mi E
of Palestine, 23 May 1987, Cox et al. 5160 (LSU). BOWIE 
CO., 1.7 mi S of Oklahoma State line on hwy 259 N of 
Dekalb, 3 Jun 1989, Cox and Cox 5314 (LSU). CHEROKEE 
CO., Roadside of hwy 69, 1.2 mi. E of Alto, 22 May 1987, 
Cox et al. 5199 (LSU). DALLAS CO., Raised from seed, 
collected near Houston, Jul 1879 Reverchon 491 (MO) . 
FANNIN CO., 4.5 mi N of Bonham, 10 Jun 1941, Shinners 
13324 (SMU). GRAYSON CO., Edge of Ambrose in a field 
near the road, 22 Jun 1949, Gentry 51-214 (TEX). GREGG 
CO., Along railroad in Longview, 7 Jun 1899, Ecrcrert sn. 
(MINN, MO). HARRISON CO., 3 mi NW of Marshall, 6 Jun 
1941, Innes & Moon 947 (GH, TEX). HOPKINS CO., 3 mi S 
of Lovelady, 11 Jun 1970, Flvr 1515 (TEX). KAUFMAN CO., 
Cobb, 10.5 mi E of Terrell, 12 Jun 1949, Shinners 11435 
(RM, SMU, NLU). LAMAR CO., Paris, 28 May 1927, McMullen 
s.n. (TEX). MADISON CO., Roadside near Falls Canyon, 29 
May 1973, Burandt 6084 (ASCT). NACOGDOCHES CO., W of 
Nacogdoches on hwy 11, 15 Jun 1931, Whitehouse 12117
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(SMU). PANOLA CO., 1.5 mi NE of DeBerry on hwy 7, 17 mi 
NE of Carthage, 12 Jun 1963, Rossbach 4709 (UC). RED 
RIVER CO., 1.5 mi SSW of Bogara, 9 Jun 1955, Shinners 
20399 (SMU). ROBERTSON CO., Mishener Ranch Rd., 1 mi E 
of FM rd 1940, 14 Jul 1976, Thompson 24 (VSC). SAN 
JACINTO CO., N side of US 190, 4.2 mi W of jet with FM 
rd 153, 18 May 1986, Warnock 4715 (TEX-2). SMITH CO.,
In ditch along railroad near Silver Lake, 12 Jun 1940, 
Lundell 9438 (LL, SMU). TARRANT CO., 3 mi SE of 
Grapevine, 16 May 1938, McCart 1095 (SMU). VAN ZANDT 
CO., Along hwy 64, 3.2 mi SE of Myrtle Springs, 13 Jun 
1954, Perdue 1592 (SMU). WALKER CO., Huntsville, 2 Jun 
1914, Youncr s.n. (TEX). WALLER CO., 5.0 mi N. of 
Waller, 6 Jun 1973, Stowers 39 (MO). WOOD CO., 0.5 mi 
NE of Quitman on FM Rd 2088, 7 Jun 1969, Correll 37427 
(LL) .
CULTIVATED: MISSOURI, Introduced, 11 Jul 1904,
Bush 2104. (MINN, MO, NMC). SOUTH CAROLINA CHESTERFIELD 
CO., 10 mi NE of jet. hwy 9 and 265, 4 Jun 1961, Ahles 
54091 (NCU).
6. Rudbeckia mohrii A. Gray, Proc. Am. Acad. 17:217. 
1882. TYPE: FLORIDA: WAKULLA CO., Dead Lakes, 22
Jun 1880, Mohr s.n. (holotype: GH!).
Rudbeckia. bupleuroides Shuttleworth ex 
Chapman, Flora of Southern United States Ed 2, pg
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629. 1887. TYPE: FLORIDA: WAKULLA CO., Dead Lakes 
near Iola, Fla., Mohr s.n. , 28 Jun 1880.
(lectotype, here designated: US!) PARALECTOTYPE:: 
FLORIDA: WAKULLA CO., St. Marks, Ruael s.n.. Jun 
1843 (GH! MO!).
Perennial from fibrous rootstock; stems slender, 
glaucous, glabrous 0.5-1.0 m tall. Leaves coriaceous, 
basal and cauline; basal and lower cauline leaves 22-40 
cm long, 0.5-1.5 cm wide; blades lanceolate (grass-like), 
distinctly 3-5 nerved; margins entire, often revolute, 
sometime ciliate; apices acute; bases attenuate; upper 
and lower surfaces glabrous. Capitulescence a branched 
paniculate cyme (corymb-like) composed of 3-12 heads on 
slender peduncles; heads radiate, receptical conic 9-14 
mm long, 13-15 mm wide; involucral bracts biseriate, 
lanceolate, glabrous with sparsely ciliate margins, 
longest bract to 8.0 mm; receptacular bracts 4.0-5.0 mm 
long, dark brown to purple, moderately pubescent at the 
apex. Ray flowers yellow, ligules 21-31 mm long, up to
8.0 mm wide. Disk flowers approximately 100-200 per head; 
corolla urceolate; reddish-brown 4.0 mm long; styles 3.8 
mm long. Achenes 3.4-4.2 mm long; pappus a crown of 
unequal scales 1.0-1.2 mm high. Chromosome number n=18. 
Flowering June-September.
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Distribution: (Fig. 1.19) Abundant in localized
populations in wet pine savannas of northern Florida and 
southern Georgia. In the Florida panhandle, it is often 
found growing in association with R. graminifolia. a 
species of subg. Rudbeckia that also has grass-like 
leaves, but has maroon ray flowers. There is no evidence 
that these two sympatric species hybridize; perhaps 
through parallel evolution they have adapted to the same 
environment
Representative specimens:
FLORIDA: BAY CO., 1 mi S of West Bay, 30 Aug 1954, 
Perdue 1634 (GA GH, LL, NCU, SMU, UC-2). CALHOUN CO., 1 
mi SW of Blountstown along hwy 71, 23 Jul 1982 Anderson 
6066 (FSU). FRANKLIN CO., Wewahitichka, 24 May 1896, 
Chapman 4489a (GH, MO). GULF CO., Near hwy 22, 4 mi W 
of Wewahitichka, 31 Aug 1954, Perdue 1646 (GA, GH, LL, 
NCU, SMU, UC-2). JEFFERSON CO., 11 mi E of Newport, 6 
Jul 1958, Krai 7217 (FSU, GH). LIBERTY CO., 8 mi S of 
Hosford, 24 Jul 1957, Godfrey 55694 (FSU, NCU). TAYLOR 
CO., 4.7 mi W of Perry on US 98, 3 Sep 1954, Perdue 1662 
(GH, LL). WAKULLA CO., 0.3 mi W of Woodville hwy, just 
N of St. Marks, 22 Jul 1985, Anderson 8539 (FSU).
GEORGIA: ATKINSON CO., 4.2 mi E of Person on US
82, 21 Aug 1972, Smith 1727 (NLU). BERRIEN CO., 3 mi S 
of Enigma, 21 Jul 1966, Faircloth 3682 (GA, MO, NCU,
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VSC). COLQUITT CO., 6 mi NE of Moultrie, 24 Aug 1964,
Krai 22094 (SMU). COOK CO., 4.7 mi W of Adel, 24 Aug 
1966, Faircloth 3682 (Ga, MO, NCU, VSC). CRISP CO., 6
mi ENE of Cordele, 4 Jul 1968, Lane 2973 (GA). DOOLY
CO., 0.7 mi SSE of Unadilla, 31 Jul 1953, Duncan 16816 
(GA). EARLY CO., ca. 6 mi SE of Blakely, 29 Jul 1946,
Duncan 6794 (FLAS, GA). JEFF DAVIS CO., 3.3 mi N of
Coffee-Jeff Davis Co. line on US 221, 20 Aug 1972, 
Noroworthv 167 (GA, VSC). LOWNDES CO., 3.8 mi E of 
Valdosta btw US 84 and railroad, 28 Jul 1966, Faircloth 
3745 (GA, MO, NCU, VSC). MILLER CO., 7 mi ESE of 
Colquitt, 8 Jul 1947, Thorne 5203 (GA). MITCHELL CO., 
Moist places near Camila, 8 Aug 1901, Harper 1169 (GA,
GH). SUMTER CO., Moist pine barrens SW of Leslie, 21
Aug 1900, Harper 447 (F, M0). TIFT CO., 12 mi NE of
Tifton, 24 Aug 1965, Faircloth 2837 (GA, MO, NCU, VSC).
WORTH CO., 0.8 mi S of Abram's Creek on St. Regis Paper 
Co property, 17 Aug 1966, Faircloth 3866 (GA, NCU, VSC).
7. Rudbeckia nitida Nutt., Jour. Acad. Philad. 7:78.
1834. TYPE: GEORGIA: TATNALL CO., Tatnal Geo, Mar 1830, 
Nuttall s.n. (holotype: BM; Photo: GH!).
R. laevigata Nutt.? Gen. 178. (1818). not R.
laevigata Pursh Flora Amer. Septentrionalis 574
(1814).
R. glabra DC. Prodromus 5:556 (1836). R. nitida Nutt.
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var. loncrifolia Gray Flora of North America VI, Part ii. 
62. (1884). TYPE: MANATEE CO., FL. Manatee River, Jun 
1878, Garber 13. (lectotype: here designated: GHI; 
isolectotypes: US! F!).
Perennial from fibrous rootstock? stems erect 
0.5-1.3 m tall, glabrous, green, slightly glaucous.
Leaves coriaceous, basal and cauline? basal ones 15-25 cm 
long, 4-5.5 cm wide, tending to have one or two pairs of 
lateral veins enlarged, blades lanceolate? margins entire 
to silghtly toothed? apices acute? bases attenuate? upper 
and lower surfaces subglabrous with scattered conical 
trichomes. Cauline leaves progressively reduced up the 
stem, sessile, 5-24 cm long, 3.5-4.5 cm wide? blades 
lanceolate? margins entire to dentate? apices acute, 
bases cuneate? upper and lower surfaces same as basal 
leaves. Capitulescence terminal with 1-3 heads per plant 
on long slender peduncles; heads radiate with the 
involucre hemispheric to ovoid-conic at first, elongating 
to 1.4-3 cm long and 1.5-1.7 cm wide at maturity; 
involucral bracts biseriate, lanceolate, glabrous, 
ciliate margins, longest to 5 cm? receptacular bracts 5-6 
mm long, light reddish-brown, hirsute toward the apex 
(the apex is reflexed in young heads). Rays flowers 
yellow, drooping, ligules oblanceolate 26-50 mm long 5- 
15 mm wide. Disk flowers many ( 175-300) per head;
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corolla funnelform; dark brown 3.5-4 mm long; styles 4 mm 
long. Achenes 4-5 mm long, pappus a crown of scales 
approximately 1 mm wide with toothed projections to 1.5 
mm long. Chromosome number n=l8. Flowering May-July.
Distribution: (fig. 1.18) Rare but locally abundant 
in wet to moist acidic clearings in pinelands, either 
flatwoods, savannas or swales in longleaf pinehills from 
northeast Florida and east Georgia, with outliers in 
Manatee Co., FL and Macon Co. AL. According to Krai 
(1983) this species is a threatened or endangered plant 
associated with many savanna or bog dicots and monocots, 
particularly Eriocaulon. Sarracenia. Lacnocaulon. 
Rhexia.Xvris. and the composites Coreopsis. Liatris. and 
Helianthus.
Some historical facts concerning the collection of 
the type material has been provided by Pennell (1936) and 
Graustein (1967). Pennell (1936) states that Nuttall was 
passing into central Georgia by the middle of March, 1830 
while on his southern journey. According to Graustein 
(1967) Nuttall crossed the Altamaha River into Tattnall 
County on his way across Georgia to Savannah. Rudbeckia 
nitida was collected "on the borders of swampy open 
thickets" in Florida and Georgia (Graustein 1967).
Rudbeckia nitida was separated into two varieties 
by Perdue (1963), but due to the allopatric distribution
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and reproductive isolation between the two taxa, R. 
nitida var. texana was elevated to specific rank by Cox 
and Urbatsch (1989). Based on cladistic analyses, R. 
nitida is more closely related to R. auriculata than to 
R. texana.
Representat ive Spec imens:
FLORIDA: BAY CO., 2.4 mi from county rd 22E on Sandy
Creek Rd., Callaway, 21 Jun 1977, Athey sn. (FSU). CLAY 
CO., 14 mi W of Green Cove Springs, 21 may 1964, Godfrey 
63938a (FSU-2). MARION CO., Near Ft. McCory, 20 May 
1955, Schallert 21710 fSMU). MANATEE CO., Manatee 
River, S Florida, Jun 1878, Garber 13 (F, US). ST. JOHNS 
CO., East side of Hastings, 13 Jul 1956, Godfrey 3100 
(ALA, FLAS, FSU, GH, LL, SMU, TENN). COUNTIES UNKNOWN 
Florida, Chapman Herb. Drawings by Boynton of Biltmore 
Herb. No date or collector, (US).
GEORGIA: BULLOCK CO., Brooklet, 3 mi S of US 80,
25 Jun 1950, Saraent sn. (GA). CHANDLER CO., 0.3 mi N 
of Evans Co line on US 301, 11 Jun 1961, Ahles 54806 
(NCU-2). EMANUEL CO., N of Swainsboro on hwy 57, 15 Jun 
1979, Jones et al. 23294 (GA). JENKINS 7.5 mi S of 
Millen, 8 Jun 1949, Duncan 9896 (GA, MO). JOHNSON CO., S 
of Wrightsville on hwy 15, 3 Aug 1963, Fitzgerald 8 (GA). 
LAURENS CO., 12 mi S of Wrightsville, 10 Jun 1936, Pvron 
& McVaugh 3058 (GA). SCREVEN CO., Near Oliver, SE
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Georgia, 6 Jul 1901, Curtis 6832 (GA, GH-2, MINN, MO,
SMU, US). TATNALL CO., 0.5 mi E of Reidsville on US 
280, 12 Jun 1961, Ahles 54129 (NCU-2). TELFAIR CO.,
McRae GA, 6 Jun 1900, Harbison 2566 (NCU). TOOMBS CO.,
8 mi SE of Lyons, 16 Jun 1974, Duncan 29077 (GA) .
COUNTIES UNKNOWN Alamo GA, hwy 280, 24 Jun 1950, Saraent 
s.n (MINN).
8. Rudbeckia scabrifolia L.E. Brown, Phytologia 
61:367-371. 1986. TYPE: TEXAS: ANGELINA CO., Ca. 1 mi
S jet FR 338 and FR 330 on 330, 17 Jul 1980, Ward 352 
(holotype: ASTCi).
Moderately to strongly robust perennial from fibrous 
rootstock; stems erect to 2 meters tall, glabrous, 
glaucous and purple. Leaves not coriaceous, basal and 
cauline; basal ones large up to 2 6.0 cm long and 12 cm 
wide, blades ovate to ellptic; margins entire, undulate, 
or dentate; apices acute to acuminate, bases attenuate to 
cuneate; upper leaf surface is armed with multicellular 
hairs possessing distinct basal cells, lower leaf surface 
glabrous. Cauline leaves progressively reduced up the 
stem, sessile to clasping 9.2-16 cm long, 3.6-6 cm wide; 
blades ovate to elliptic; margins entire to dentate; 
apices acuminate to acute; bases slighlty auriculate or 
rounded; upper and lower surfaces similar to basal 
leaves. Capitulescence cymose with 3-8 heads on leafless
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peduncles; heads radiate, receptical conic 1.5-2.5 cm 
long, 1.5-2.0 cm wide at maturity; involucral bracts 
biseriate, lanceolate, glabrous to slight scabrous on the 
lower surface, margins ciliate, longest bract to 15 mm; 
receptacular bracts 6-8.5 mm long, yellow to brown, apex 
pubescent, 6.0-8.5 mm long. Ray flowers yellow, drooping, 
ligules oblanceolate 20-38 mm long, 5-10 mm wide. Disk 
flowers many (150-200) per head, corolla funnelform; 
green to brown 4-5 mm long; styles 3.5-4.5 mm long. 
Achenes 5.5-8.0 mm long; pappus a crown of scales 1-1.5 
mm long. Chromosome number n=18. Flowering time June- 
September.
Distribution: (Fig. 1.18) Rare but locally abundant 
in hillside seepage areas in longleaf pinewoods of 
western LA and eastern TX. This new taxon is a recent 
addition to the Louisiana Heritage Program's list of 
endangered and threatened species (Mclnnis-Heritage 
Botanist, personal communication). A status survey is 
being prepared by the Texas Natural Heritage Program, by 
using aerial photography to locate populations by 
recognizing the bog habitats on the photographs. 
Unfortuately this information concerning new 
distributional data was not available and could not 
incorporated into this present study.
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This taxon was first described in 1986, previous to 
its new status, specimens had been misidentified as R. 
texana or R. qrandiflora. One specimen had been 
annotated by Arthur Cronquist as being a hybrid between 
the two latter mentioned species. These taxa belong to 
separate subgenera and have different chromosome numbers. 
Representative specimens:
LOUISIANA: SABINE PARISH, Boggy area beside 
Plainview Community Rd, 0.5 mi S of backgate to Hodges 
Garden, 14 Jun 1980, Carroll 1739 (NLU) VERNON PARISH, 
Hillside bog on hwy 8, 1.7 mi W of jet of hwy 464 W of 
Leesville, 7 Jun 1986, Cox and Urbatsch 4907 (LSU).
TEXAS: ANGELINA CO., 8.8 mi S of Zavalla on US 69, 
22 Sep 1979, Nixon & Ward 9790 (ASTC). JASPER CO.,
Graham Creek Wilderness Area on FR 330, 17 Jun 1980, Ward 
569 (ASTC). NEWTON CO., 9 mi N of Wiergate on hwy 87 E 
of Walker Cemetery, 24 Jul 1973, Nixon &. Cox 6103 (ASTC). 
SHELBY CO., Mangum Lake, 25 Jul 1940, Parks 2344 (M0).
9. Rudbeckia texana (Perdue) Cox and Urbatsch,
Phytologia 67:366. 1989. Rudbeckia nitida Nutt. var. 
texana Perdue, Rhodora 64: 328. 1962. TYPE: TEXAS: 
CHAMBERS CO.,. 6 mi S of Stowell, 15 May 1945, Shinners 
7710 (holotype: SMU!).
Robust perennial from fibrous rootstock, stems 
erect and stout to 1.5 m tall, green to brown, glaucous,
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glabrous. Leaves coriaceous, basal and cauline; basal 
ones 9-2 0 cm long, 3-9 cm wide, blades narrowly to 
broadly elliptic or spathulate; margins entire, crenate, 
dentate or serrate; apices acuminate to acute; bases 
attenuate to cuneate; upper and lower surface subglabrate 
with scattered blunt tipped multicellular hairs. Cauline 
leaves progressively smaller toward the capitulescence, 
sessile, 9-18 cm long, 2.3-7.5 cm wide; blades ovate to 
elliptic; margins entire to toothed; apices acute; bases 
cuneate; upper and lower surfaces similar to basal 
leaves. Capitulescence terminal to cymose with 1-4 heads 
per plant on naked peduncles; heads radiate, involucre 
conic-columnar 2.5-6 cm long, 1-1.5 cm wide; involucral 
bracts biseriate, lanceolate, glabrous, marigins ciliate, 
longest bract to 2.5 cm; receptacular bracts 6-8.5 mm 
long, brown at maturity, apex strigose, palea appressed 
to the receptical in young heads. Ray flowers yellow, 
ligules oblanceolate 2.5-4.8 mm long, 1-1.5 mm wide; disk 
flowers many (200-350) per head, corolla urceolate; dark 
brown 4-5.2 mm long; styles 4.5-5.5 mm long. Achenes 5-
7.5 mm long; pappus crown with toothed scales to 1.5 mm 
long. Chromosome number n=18. Flowering May-September.
Distribution: (Fig. 1.18) Scattered in seasonally 
wet habitats along roadside and railroad rights-of-way in 
the prairie regions of southwest Louisiana and
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southeastern Texas. Populations are also found in 
central Louisiana growing in open wet areas of Longleaf 
Pine flatwoods. Rudbeckia texana is often misidentified 
as R. maxima. but can be distinguished by lack of 
glaucousness, smaller size of heads, and habitat 
differences.
Representative specimens:
LOUISIANA: ACADIA PARISH, Roadside of US 90, 3 mi W 
of Crowley, 12 Jul 1986, Cox and Cox 4919 (LSU). ALLEN 
PARISH, Ca. 5.5 mi N of Oberlin, 20 May 1989, Allen 
10805 (NLU, USL) . CALCASIEU PARISH, Along railroad 
tracks 1 mi SW of Vinton, 16 Jun 1966, Thieret 23527 
(USL) . DESOTO PARISH, Along Kansas City Southern 
Railroad tracks in Frierson, 2 Sep 1979 Thomas 67258 & 
Dixon 1538 (VSC). JEFFERSON DAVIS PARISH, Along US 165, 
3 mi S of Fenton, 1 Sep 1979 Thomas & Pias(Cox) 67036 
(NLU). RAPIDES PARISH, 4.5 mi SW of Flatwoods, 8 Jun 
1966, Thieret 23303 (SMU, USL). ST. LANDRY PARISH, 
Opelousas, no date, Curtis s.n. (SMU?). VERMILION 
PARISH, 2.5 mi E of Gueydan, 27 May 1967, Thieret 26324 
(LL, GA, USL). VERNON PARISH, Hwy 464 at hwy 111, S of 
Almadane and N of Merryville, Thomas & Allen 96501 (NLU). 
COUNTIES UNKNOWN, Louisiana (Torrey and Gray Flora of N 
Amer), no date, Leavenworth s.n. (GH). Louisiana (Syn 
FI. N Amer), Hale s.n (GH) .
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TEXAS: BRAZORIA CO., 2 mi SE of Areola on hwy 6, 16
Jun 1964, Raven & Gregory 19409 (TEX). CHAMBERS CO., 
Along hwy 124, 6.8 mi. S of Stowell and hwy 65, 19 Jun 
1989, Lievens 888 (LSU). GALVESTON CO., Hwy 146 at Gordy 
Rd., Bacliff, 22 Jul 1976, Waller 3833 (TEX-2). HARDIN 
CO., Roadside E of Silsbee on hwy 96, 27 Aug 1970, 
Amerson 245 (SMU). HARRIS CO., Along US 75, 19 mi S of 
Conroe, 15 Jul 1954,Perdue 1633 (FSU, LL, NCU, SMU, TEX, 
UC). JASPER CO., 7 mi SW of Beaumont, 15 May 1945, 
Shinners 7696 (SMU). LIBERTY CO., Along hwy 146, 6 mi N 
of Liberty, 29 May 1979.Brown 4467 (ASTC). NEWTON CO., 
Roadside along US 190, E of Newton, 29 May 1963,
Henderson 63-1036 (FSU). TYLER CO., Roadside bog in SE 
section of county, 21 May 1973, Keeney 863 (SMU).
COUNTIES UNKNOWN, Texas, Oct. 1935, Drummond 214 (GH-2).
II.Rudbeckia subg. Macrocline (T. & G. ) Cox and 
Urbatsch sect. Askomia Nutt., Trans. Am. Phil. Soc. N.S. 
7: 355. 1840. LECTOTYPE, here designated: Rudbeckia 
occidentalis Nutt.
10. Rudbeckia alnicola Piper, Erythea 7:173 1899.
R. occidentalis Nutt. var. aloicola (Piper) Cronq., 
Vascular Plants of the Pacific NW 5: 280. 1955. TYPE: 
WASHINGTON: KITTITAS CO., Mt. Stuart, Cascades, Jul 
1898, Elmer s.n. (holotype: US!).
Robust perennial from fibrous rootstock; stems erect
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to 1 m tall, green and glaucous. Leaves herbaceous, basal 
and cauline; basal ones to 33 cm long 26 cm wide, blades 
ovate to ellipic; margins dentate (with teeth of unequal 
length) to pinnatifid (3-9 lobed), lobes appearing 
alternate; apices acute; bases attenuate; upper and lower 
surfaces densely pubescent, trichomes multicellular with 
apiculate apex. Cauline leaves progressively reduced up 
the stem, petiolate (19.0-26.0 cm long, 8.0-19.0 cm wide) 
to sessile (12.0-13.5 cm long, 5.0-11.0 cm wide); blades 
lyrate to ovate; margins dentate to lobed; apices acute, 
bases attenuate to cuneate; upper and lower surfaces 
densely pubescent. Capitulescence terminal on naked 
peduncles; heads discoid, involucre columnar, 4.5-8.0 cm 
high, 2.4-3.0 cm wide; involucral bracts biseriate, 
foliaceous, lanceolate, scabrous, longest to 5 cm long; 
receptacular bracts 5-7 mm long, light-dark brown, 
pubescent at the apex. Ray flowers absent. Disk flowers 
many (300-500) per head, corolla tubular; dark brown to 
black 4.2-4.5 mm long; styles 5 mm long. Achenes 4.8-5.5 
mm long; pappus reduced to 4 small teeth at the angles of 
the achenes less than 1.0 mm long. Chromosome number 
unknown. Flowering July-September.
Distribution: (Fig. 1.21) Endemic to Chelan and 
Kittitas Co. Washington in thickets, bogs, and slopes 
along streams.
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Representative specimens:
WASHINGTON: CHELAN CO., Stuart Ridge (3000 ft), 17 Aug 
1935, Thompson 12696 (GH, MO, OSC, TEX, US). Wenatchee 
National Forest, along FR 7200 ca. 3.7 mi SE of jet us 
97, S of Leavenworth, 20 Aug 1990, Urbatsch 6810 (LSU, 
TENN). KITTITAS CO., Aspen thicket on Table Mt. (5000 
ft), 9 Aug 1933, Thompson 9820 (MO).
11. Rudbeckia montana A. Gray, Proc. Am. Acad. 17:217 
1881. R. occidentalis Nutt. var. montana (A. Gray)
Perdue Rhodora 64: 329 (1962). TYPE: COLORADO: PITKIN
CO., Elk Mts., Colorado, 1881. Brandqee s.n. (holotype: 
GH!; isotypes F!, UC-2!, MO!).
Perennial from fibrous rootstock; stems erect to 1 m 
tall, green and glaucous. Leaves coriaceous, basal and 
cauline; basal ones 17-30 cm long, 10-25 cm wide, blades 
ovate to elliptic; margins pinnatifid to compound (lobes 
appearing opposite); apices acute; bases attenuate; both 
surfaces essentially glabrous with trichomes present on 
the upper surface along the veins. Cauline leaves 
progressively reduced up the stem, sessile, 12-18 cm 
long, 5-11 cm wide; blades elliptic to ovate; margins 
entire to lobed; apices acute, bases cuneate; upper and 
lower surfaces essentially glabrous. Capitulescence 
terminal to cymose, 1-3 heads on naked peduncles; heads 
discoid, involucre columnar, 4.0-8.0 cm long, 2.0-3.0 cm
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wide; involucral bracts biseriate, lanceolate, 
foliaceous, glabrous with ciliate margins, longest bract 
to 4.0 cm; receptacular bracts 5-8 cm long, dark brown, 
densely pubescent at the apex. Ray flowers absent. Disk 
flowers many (200-500+) per head, corolla urceolate; dark 
brown to black 4-5 mm long; styles 5.5 mm long. Achenes 
5.3-7 mm long; pappus a crown of scales 1-1.8 mm long. 
Chromosome number n=l8. Flowering July-August.
Distribution: (Fig. 1.21) Localized at high 
elevations (8000-9000 ft) on the West Slope of the 
Colorado Rockies with outliers in Iron and Washington 
Cos., Utah. This species can be distinguished from the 
other rayless coneflowers by the lack of pubescence on 
the leaf surfaces and the pinnatifid to compound leaves 
with the lobes appearing opposite (R^ alpicola also has 
lobed leaves, but appear alternate).
Representative specimens:
COLORADO: DELTA CO., Leroux Creek, 15 Jul 1892, 
Cowen sn. (US). EAGLE CO., Wolcott, 11 Jul 1902, 
Osterhout 2654 (RM-2). GARFIELD CO., White River 
Valley, 25 mi NNW of New Castle (7800 ft), 16 Aug 1955, 
Hermann 12179 (US). GUNNISON CO., Roadside along Ohio 
Creek, 17 mi W of Kebler Pass, 8 Aug 1968, Harmon 1176 
(MO). MESA CO., Grand Mesa National Forest E of Mesa 
Creek, 20 Jul 1981, Siolilvinskv 1660 (COLO). MONTROSE
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CO., Along edge of an irrigation canal in the Cimarron 
River Valley, 9.1 mi S of US 50 on road to Silverjack 
Resv., 3 Aug 1989, Cox & Cox 5334 (LSU). PITKIN CO.,
East of McClures Pass (9400 ft), 16 Aug 1958, Ownbv 2627 
(MINN). RIO BLANCO CO., Aldrich Lake, 22 Jul 1937, 
Johnson 749 (COLO).
UTAH: IRON CO., 10 mi E of Cedar City (9000 ft), 29 
Jul 1933, Graham 8680 (LL, MO). WASHINGTON CO., Pine 
valley Mts., 5.0 mi NE of Pine Valley, 18 Jul 1943,
Cottam 9246 (COLO, MO, NLU).
12. Rudbeckia occidentalis Nutt., Trans. Am. Phil. 
Soc. N.S. 7:355. 1840(41). R. occidentalis Nutt. var. 
scabra A. Gray, in Torrey, J., Bot. Wilks Expedition 
Phan. 2:353. 1874. TYPE: WASHINGTON? "Hb. Nuttall. R.
Mts. and wood of the Columbia" Sep 1834. Nuttall s.n. 
(holotype BM; Photograph in GH!).
Perennial to from a fibrous rootstock; stems erect 
to 1 m tall, green and glaucous. Leaves herbaceous, basal 
and cauline; basal ones 12-20 cm long, 5-9.5 cm wide, 
blades broadly ovate; margins toothed (rarely deeply 
lobed or divided); apices acuminate; base rounded; upper 
and lower surfaces sparsely to densely pubescent with 
multicellular trichomes. Cauline leaves progressively 
smaller up the stem, sessile, 9-15 cm long, 5.5-8.5 cm 
wide; blades elliptic to ovate; margins entire to
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dentate; apices acute to acuminate; bases rounded; upper 
and lower surfaces sparsely to densely pubescent. 
Capitulescence terminal to cymose with 1-4 heads per 
plant; heads discoid, involucre conical to columnar 2.5-
4.5 cm long 1.5-3.0 cm wide; involucral bracts biseriate, 
lanceolate, foliaceous, sparsely purbescent, longest to
3.0 cm; receptacular bracts 5-7 mm long, tan, apex 
acuminate, distal portion dark and strigose. Ray flowers 
absent. Disk flowers abundant ca. 400 per head, corolla 
tubular; dark brown 3.2-4.6 mm long; styles 5 mm long. 
Achenes black, 3-6 mm long, pappus a crown of scales 0.5- 
1 mm long. Chromosome number n=18. Flowering late June- 
early September.
Distribution: (Fig. 1.21) Abundant in open meadow, 
stream sides of Western States (CA, ID, MT, NE, OR, UT, 
WA, WY).
As with the other Rudbeckia1s that Nuttall 
collected and named, the exact locality of the type 
collection is questionable. Nuttall's itinerary for his 
Transcontinental Expedition (1834-1836) places him in the 
Washington area of Walla Walla Sep 2-4, 1834, and Sep 5- 
10 along south bank of the Columbia River to the Dalles 
(Pennell 1936).
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Representative specimens:
CALIFORNIA: BUTTE CO., Jonesville, 7 Aug 1939, 
Copeland s.n. (UC). GLENN CO., Plaskett Meadows (6000 
ft), 9 Aug 1943, Howell 19222 (GH, US). HUMBOLDT CO., 
Trinity Summit at Box Camp (4800 ft), 12 Sep 1948, Tracv 
18204 (UC) . PLACER CO., Head of American River, Aug 
1883, Greene s.n. (F) . PLUMAS CO., Butterfly Valley, 
near Quincy (4000 ft), 21 Jul 1950, Weatherbv 1478 (RM) .
IDAHO: ADAMS CO., Station Creek, 29 Jun 1914, Miles 
102 (RM) . BANNOCK CO., Dry hillside up Mink Creek, 4 
Aug 1951, Lieberman s.n. (GA, RM) . BONNEVILLE CO., 
Targhee Nat. Forest, 16 Jul 1979, Kieffenback et al. 322 
(RM). BOISE CO., Gallagher Creek (3500 ft), 20 Jul 
1915, Sparhawk 22 (RM). CASSIA CO., Quaking Aspen 
Forest, (7400 ft), 19 Jul 1977, Davis ID 77-301 (MINN). 
CLEARWATER CO., Nez Perces Nat. Forest, along hwy 12 
toward Missoula, 11 mi SW of Lolo Pass, 26 Jul 1980, 
Stuessv s.n. (OSU). ELMORE CO., Trinity (4500 ft), 9 
Aug 1910, Macbride 553 (F, GH, MINN, MO, RM, UC).
FRANKLIN CO., Ca. 30 mi NE of Preston (8000 ft), 2 Aug 
1960, Bricrht 60-32 (MINN). FREMONT CO., Henry's Lake 
(8000 ft), 31 Jul 1897, Rvdbera & Bessv 5173 (F, RM). 
IDAHO CO., On Lochsa River, 0.75 mi W of Powell Ranger 
Sta., 31 Jul 1950, Jones 310 (SMU, MINN. US). KOOTENAI 
CO., Lake Pend d 1 Oreille, 28 Jul 1892, Sandberg 768 (GH,
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US). LATAH CO., between east and west hump, Thatuma 
Hills, 6 Jul 1892, Sandberg 768 (GH, US). NEZ PERCES 
CO., Abount Forest (3500 ft), 30 Jul 1896, Heller 3487 
(MINN, MO, UC). OWYHEE CO., Inclines along streams 
(7000 ft), 22 Jul 1910, MacBride 450 (GH, MINN, MO, RM, 
UC). SHOSHONE CO., Along Keeler Creek, 6 mi SW of 
Clarkia (3000 ft), 6 Aug 1949, Cronouist 6035 (COLO, GA, 
GH, MINN, SMU, UC). VALLEY CO., Meadow SW of reservoir 
on Sylvan Creek on W side of Payetter lake n of McCall,
20 Aug 1983, Ertter 5081 (COLO, TEX). WASHINGTON CO 
Tamarack (4200 ft), 7 Aug 1911, Clark 192 (F, GH, MINN, 
MO) .
MONTANA: BEAVERHEAD CO., Odell Creek (7500 ft), 17
Jul 1959, Calvert SR-43 (RM). GALLATIN CO., Bozeman 
Canon, 11 Aug 1901, Jones s.n. (US). MADISON CO.,
Beaver Creek (8800 ft), 20 Aug 1953, Schmautz JES-135 
(RM, US). MINERAL CO., Mountain stream near Taft, base 
of Bitterroot Mts. (5000 ft), 6 Aug 1936, Thompson 13679 
(LL, MO). RAVALLI CO., Lower end Big Creek Lake (6000 
ft), 24 Jul 1959, McDonald 1669 (RM).
NEVADA: ELKO CO., Independence Mt. E of Hwy 11 on
the Jack Creek Rd., 25 Aug 1984, Tiehm 9314 (RM, TEX). 
HUMBOLDT CO., Near head of Lamance Creek, 21 Jul 1940, 
Robertson 156 (RM).
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OREGON: BAKER CO., Rocky slopes of Wallowa Mts.
near Cornucopia, 21 Jul 1936, Thompson 13427 (MO) .
CLATSOP CO., Saddle mt. State Park (2900 ft), 12 Sep 
1974, Chambers 4012 (OSC-3). CROOK CO., Wildwood Forest 
Camp, Sta. 227, Ochoco national Forest, 20 mi NE of 
Prineville (4950 ft), 7 Aug 1954, Gordon s.n. (OSC). 
DOUGLAS CO.,, Grasshopper Mt., 28 mi E of Tiller on 
Jackson Creek Rd., 5 Aug 1975, Crosby 328 (NCU, OSC). 
GRANT CO., Blue Mts., Hot Springs, 8 mi from Prairie 
City, 31 Jul 1925, Henderson 5570 (GH, M0). HARNEY CO., 
Rimrocks above Dino Creek, Steins Mt. (9000 ft), 5 Aug 
1935, Train s.n. (MINN, OS, OSC, TENN, US). JACKSON 
CO.,, Woodruff Meadows, 25 Jul 1925, Pendleton s.n. 
(OSC). KLAMATT CO., Alpine meadows on the west side of 
Crater Lake, (5000 ft), 23 Jul 1935, Thompson 12271 (MO). 
LANE CO., Belknap Springs, 14 Jun 1928, Peck 15953 
(OSC). LINN CO., Quartzville Creek Spring, Scar Mt., 
Willamette Nat. Forest, 8 Aug 1984, Moldenke 31763 (LL). 
MARION CO., Elk Creek, 6 Aug 1926, Anderson 155 (OSC). 
UMATILLA CO., Toll Gate, Umatilla Nat. Forest (5000 ft), 
29 Jul 1949, Cook AC-15 (RM). UNION CO., Old burn on 
Bone Springs Ridge, Wenaha Nat. Forest, 2 Aug 1916, 
Lawrence WF-226 (OSC). WALLAWA CO., 1 mi SE of Hoodoo 
Lookout, 7 mi WSW of Troy (4800 ft), 12 Jul 1966, Feddema 
3523 (OSC).
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UTAH; CACHE CO*, Logan Canyon (6000 ft), 20 Jul 
1970, Fitz 52 (OSC). DUCHESNE CO., Uinta Nat. Forest 
(7800 ft), 6 Aug 1913, Bowen 17 (RM). JAUB CO., Uinta 
Nat. Forest Dist. 2 (6200 ft), 7 Aug 1913, Brough 14 
(RM). MILLARD CO., Oak Creek Canyon (7000 ft), 16 Aug 
1913, Robbins 96 (RM). SALT LAKE CO., Wasatch Mts. near 
Big Cottonwood Canyon (ca. 9000 ft), 26 Jul 1972, Palmer 
38039 (MO, US). SAN PETE CO., Maple Canyon near 
Ephraim, 27 Jul 1934, Olsen s.n. (UC). SEVIER CO., 
Salina Exp. Sta., Fish Lake Forest, Wasatch Mts. (2400 
meters), 28-29 Aug 1915, Eggleston 11724 (US). UTAH 
CO., Roadside of Pole Canyon, 8 Jul 1969, Hartman 172 
(NLU).
WASHINGTON; CLARK CO., Along Washougal River, 12 
Aug 1953, Westhefer s.n. (OSC). SPOKANE CO., Along 
streams, 2 Jul 1884, Suksdorf 356 (GH, MO, UC). WALLA 
WALLA CO., Blue Mts., 17 Jul 1896, Woods 106 (RM).
WYOMING; LINCOLN CO., Southend of Star Valley, 25 
Aug 1945, Porter 3818 (GH, RM, TEX). PARK CO., Snake 
River, Yellowstone Nat. Park, 12 Aug 1899, Nelson 6408 
(GH, MINN, MO, RM-2). SUBLETTE CO., 22 mi W of Big 
Piney, 13 Aug 1963, Breedlove 5892 (SMU). TETON CO., 
Cotton wood Creek Bottom (7000 ft), 22 Aug 1932, Williams 
1054 (MO, RM-2).
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TABLE l.l Fourteen quantitative continuous vegetative 
and floral characters with abbreviations and definitions 
analyzed in a morphometric study of the Rudbeckia nitida 
complex.
RL Length of ray flowers mm
RW Width of ray flower at widest part mm
DL Length of disk (head) mm
DW Width of the base of the disk (head) mm
AL Length of the disk achene mm
CL Length of the disk flower corolla mm
BL Length of the receptacular bract (palea) mm
SL Length of the stem leaves mm
SW Width of the stem leaves mm
LS Leaf surface-number of hairs per 4 mm square
HN Number of heads per plant
LL Length of the basal leaves mm
LW Width of the basal leaves mm
LM Number of teeth per 5 mm on the leaf margin
Note: In each case the mean of five measurements
or counts was used in the data matrix.
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TABLE 1.2 Data matrix for the morphometric analysis of 
the Rudbeckia nitida complex. The measurement are of the 
characters in table 2 and arranged in the following 
order: RL, RW, DL, DW, AL, CL, BL, SL, SW, LS, LL, LW,
LM, HN. The numbers in the first column refer to the 
taxa: 1) R. texana. 2) R. scabrifolia. 3) R. auriculata. 
4) R. nitida. 5) R. maxima. 6)R. mohrii.
1. 25.2 5.6 22.5 15.5 5.0 5.2 6.8 98.3 30.7 3.0115.0
32.5 5.6 3.0
1. 9.3 8.0 23.5 14.0 5.8 4.3 7.3 97.5 23.0 2.0 175.0
55.0 5.0 3.0
1. 43.0 12.2 42.5 19.3 6.1 4.5 6.9 124.6 38.6 1.0 153.6
62.8 5.0 1.0
1. 20.3 6.0 23.5 19.0 6.5 4.3 5.0 111.7 55.0 2.0 205.0
66.7 5.8 3.0
1. 47.8 11.4 33.0 23.7 6.2 5.0 7.6 225.5 78.0 1.0 200.0
65.0 5.6 3.0
1. 30.0 6.7 25.0 20.0 7.2 4.3 7.5 120.7 33.3 1.0 270.0
95.0 5.8 5.0
1. 36.4 12.3 38.0 29.0 6.0 4.5 7.0 167.5 51.5 1.0 270.0
95.0 5.8 5.0
1. 40.0 13.0 45.0 27.0 8.1 5.0 8.9 185.0 39.0 2.0 105.0
30.0 4.5 1.0
1. 40.2 14.2 35.7 20.0 6.0 4.0 6.3 107.5 25.0 1.0 136.7
50.0 5.3 3.0
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1. 33.0 9.7 30.0 18.0 5.7 5.0 6.3 150.0 23.5 2.0 150.0
45.0 5.0 1.0
1. 28.3 12.7 30.0 20.0 6.6 3.7 6.8 136.7 29.7 2.0 110.0
33.3 5.0 2.0
2. 32.0 9.5 16.3 12.3 7.0 4.5 6.3 162.5 60.0 14.0 176.8
105.0 4.8 6.0
2. 27.5 7.5 22.5 18.8 8.0 5.0 8.6 103.3 36.7 13.0 123.3
63.3 6.6 4.0
2. 32.4 8.0 11.7 15.7 6.8 5.1 7.6 155.0 51.0 8.0 190.0
90.0 4.8 4.0
2. 28.4 8.8 19.2 17.0 6.6 4.6 7.0 106.0 52.0 9.0 176.7
129.3 6.0 5.0
2. 22.8 6.3 21.0 18.7 6.1 5.0 7.0 92.5 36.5 15.0 120.0
94.0 5.2 3.0
2. 25.2 10.0 20.8 19.8 6.8 5.0 8.3 123.3 47.0 12.0 236.7
126.7 5.8 4.0
2. 31.5 10.0 21.7 18.3 7.5 5.0 7.3 127.5 55.8 15.0 169.0
93.7 7.0 6.0
2. 31.2 8.4 21.4 17.0 6.5 5.0 6.7 136.0 60.4 12.0 178.8
106.0 5.6 7.0
3. 21.8 6.3 10.0 16.0 3.0 3.2 5.0 155.0 53.3 23.0 270.0
100.0 6.8 21.0
3. 27.0 6.6 16.0 17.2 6.2 3.0 6.0 165.0 75.8 13.0 190.0
101.3 3.6 18.0
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3. 19.7 4.3 12.0 12.0 4.6 3.0 4.6 158.3 64.0 15.0 200.0
88.3 6.5 17.0
4. 50.3 10.8 21.3 16.3 5.0 4.0 6.0 227.5 22.5 10.0 280.0
55.0 3.2 4.0
4. 34.8 10.2 20.0 16.6 3.9 2.6 4.9 202.5 32.5 9.0 205.0
56.0 3.2 5.0
4. 36.3 9.0 20.0 15.0 5.0 4.0 5.3 267.5 45.0 9.0 300.0
50.0 3.3 5.0
4. 26.5 8.5 15.0 15.0 4.0 3.0 5.0 255.0 32.0 10.0 240.0
59.0 3.4 4.0
4. 47.5 11.5 20.0 15.0 4.4 3.0 5.0 182.5 27.5 13.0 150.0
40.0 3.3 3.0
4. 31.6 7.7 24.4 15.0 4.7 3.0 5.7 236.7 40.0 13.0 212.5
37.5 3.0 6.0
4. 26.7 10.0 20.0 15.0 4.5 3.0 5.5 180.0 20.0 12.0 170.0
50.0 3.2 2.0
4. 30.0 10.0 20.0 15.0 4.0 3.0 5.0 145.0 32.0 9.0 150.0
50.0 3.0 3.0
5. 46.7 19.5 50.0 20.0 6.3 5.0 7.5 155.0 120.0 1.0 160.0
120.0 4.0 2.0
5. 30.6 11.0 55.0 25.0 7.0 5.0 8.0 156.6 106.6 1.0 270.0
180.0 4.0 2.0
5. 73.0 9.4 53.0 24.0 6.6 5.5 7.3 236.6 123.3 1.0 230.0
115.0 4.6 3.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7 6
5 .  47.5 13.5 55.0 26.7 6.5 5.0 6.7 222.5 115.0 1.0 171.3
90.0 4.8 2.0
5. 43.3 14.0 50.0 20.0 6.3 4.7 7.8 125.0 70.0 1.0 195.0
100.0 4.8 1.0
5. 38.7 12.3 42.0 20.0 6.3 4.7 7.0 220.0 120.0 1.0 185.0
85.0 5.6 2.0
5 .  50.0 12.6 53.8 23.3 7.0 5.0 7.5 185.0 108.3 1.0 200.0
100.0 4.6 2.0
5 .  55.5 11.5 50.0 25.0 7.5 5.3 7.5 216.6 73.3 1.0 140.0
85.0 6.0 2.0
5 .  42.5 10.0 37.5 22.5 7.0 5.0 7.0 300.0 110.0 1.0 240.0
130.0 6.0 3.0
5 . 37.5 11.0 45.0 25.0 6.5 6.0 7.3 186.6 90.0 1.0 180.0
100.0 5.0 2.0
6. 22.5 5.2 8.6 13.0 3.7 3.0 4.2 112.6 2.9 2.0 310.0
5.8 1.0 11.0
6. 21.5 4.9 12.5 13.0 3.9 3.3 5.0 142.5 3.5 2.0
220.0 5.8 1.0 4.0
6. 20.6 4.5 11.5 15.0 4.0 3.0 5.0 87.5 2.0 2.0 290.0
5.8 1.0 4.0
6. 28.0 5.2 11.7 14.3 4.0 3.4 5.0 250.0 3.0 2.0 302.5
6.0 1.0 5.0
6. 27.0 6.6 13.0 15.5 4.2 3.5 5.0 173.8 3.6 2.0 330.0
5.5 1.0 9.0
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6. 31.0 6.6 13.0 12.8 4.0 4.0 5.0 183.5
4.7 1.0 5.5
6. 22.8 4.6 13.3 12.6 4.0 3.5 4.5 142.5
7.0 1.0 7.0
6. 28.3 6.5 14.0 15.0 4.0 4.0 4.5 140.0
6.8 1.0 5.0






Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7 8
TABLE 1.3 PR>F scores for the characters used in the 
General Linear Model Prodcedure (GLM). Statistical test 
performed in the GLM Procedure are T Test, Duncan's 
Multiple Range Test, Student-Newman-Keuls text
RL 0.0001 SL 0.0002
RW 0.0001 SW 0.0001
DL 0.0001 LS 0.0001
DW 0.0001 LL 0.0001
AL 0.0001 LW 0.0001
CL 0.0001 LM 0.0001
BL 0.0001 HN 0.0001
All characters were considered to be significant at the
0.05 level.
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TABLE 1.4 PRINCIPAL COMPONENTS ANALYSIS 
Characters that contributed most to the variation in pci, 
pc2, pc3, A. PCAI - All taxa included in the analysis. B. 
PCAII - R. maxima. R. nitida. and R. texana. C. PCAIII- R.
nitida and R. texana.
A B C
pci SW,LW,LM,DL=57 % LS,SW,LW,DL=67% HN,LL,SL,DL=45%
pc2 LS,HN,DL,LW=28% LS,SW,LW,SL=18% RL,SW,DL,RW=23%
pc3 LS,HN,LL,SL=05% RL, SL,SW,LW=13% RL,SL,SW,LW=13%
TOTAL =90% =90% =81%
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TABLE 1 . 5  CANONICAL DISCRIM INANT ANALYSIS
Characters that contributed most to the variation in canl 
and can2 of A. All taxa B. R. maxima. R. nitida and R. 
texana.
A B
canl can2 canl can2
LW DL DL DL
LM LW HN HN
SW SW RL LL
LL HN LW LM
92% 3% 76% 24%
95% 100%
Statistics based on the following multivariate test: Wilks' 
Lambda, Pillai's Trace, Hotelling-Lawley Trace, and Roy's 
Greatest Root. All test were significant at the 0.05 level.
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TABLE 1.6 Eighteen characters with abbreviations and 
definitions analyzed in a morphometric study of the 
Rudbeckia californica group, which includes R. californica. 
R. qlaucescens. and R. klamathensis.
RL Length of the ray flowers mm
RW Width of the ray flower at the widest part mm
DL Length of the disk (head) mm
DW Width of the disk (head) mm
AL Length of the achene mm
CL Length of the disk flower corolla mm
BL Length of the receptacular bract (palea) mm
SL Length of the stem leaves mm
SW Width of the stem leaves mm
LS Leaf surface- number of hairs per 4mm square
LL Basal leaf length mm
LW Basal width length mm
LM Leaf margin-number of teeth per 5 mm
HN Number of heads per plant
IBL Length of the longest involucral bract. mm
PL Length of the pappus mm
TL Length of the teeth on the leaf margin mm
TW Width of the teeth on the leaf margin mm
Note* In each case the mean of five measurements or counts
was used in the data matrix.
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TABLE 1.7 Data matrix used in the analysis of the Rudbeckia 
californica group. The measurements are of characters 
listed in Table 6 and are arranged in the following order: 
RL, RW, DL, DW, AL, CL, BL, SL, SW, LS, LL, LW, LM, HN, IBL, 
PL, TL, TW. The numbers in column 1 represent the taxa 
studied: 1) R. californica. 2) R. klamathensis. 3) R. 
alaucescens.
1. 45.6 12.6 45.5 19.8 5.8 4.2 5.9 208.3 68.3 909.3 150.0
45. 0 2.0 2.0 25.0 1.3 23.0 11.0
1. 53.6 11.6 45.3 23.3 5.5 4.8 6.2 175.0 61.3 408.3 205.0
65. 0 2.5 1.5 27.5 1.3 3.3 10.5
1. 33 .3 11.1D 46.(3 23.0 5.!5 4.5 7.:1 153.3 61. 6 343.'0 220.'
95. 0 3.0 2.0 20.0 1.1 8.0 12.0
1. 38.4 10.4 31.6 20.7 5.3 4.4 6.3 148.3 44.3 468.3 235.0
80. 0 4.0 3.0 30.0 103 10.0 8.0
1. 42.0 11.6 43.5 19.0 5.8 4.6 6.2 237.5 65.0 424.5 162.5
57. 5 2.0 1.3 20.0 1.4 12.6 8.7
1. 40.2 10.4 35.0 19.0 5.4 4.0 6.1 121.7 40. 0 397.7 108.3
61. 7 4.7 2.5 28.0 1.0 5.7 6.7
1. 45.0 14.0 32.0 21.0 5.5 4.5 6.5 145.0 70. 0 335.5 140.0
45. 0 4.5 1.0 22.0 1.5 26.0 6.7
1. 33.0 11.0 40.0 20.0 5.0 4.0 5.3 145.0 53.3 245.1 148.3
76. 7 3.5 3.0 25.0 1.1 3.0 9.0
1. 40.4 11.0 43.0 21.0 5.4 4.2 6.9 205.0 120.0 120.8 211.3
92. 0 3.0 1.5 10.0 1.0 34.7 16.2
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2. 31.0 8.2 22.5 17.0 5.5 4.0 5.8 135.2 56.0 0.1
75.0 4.0 2.0 12.0 1.5 :16.2 12.6
2. 21.5 9.0 26.0 16.7 4.0 3.8 4.4 154.0 55.0 0.1
133.3 2.3 1.0' 8.0 102 32.3 21.3
2. 26.2 8.0 30.4 19.0 4.4 3.8 5.1 182.7 75.0 0.1
117.5 2.8 1.0' 9.0 1.4 13.4 13.2
2. 33.0 7.3 26.0 16.5 6.8 3.8 5.3 190.0 80.0 0.1
87.5 3.3 1.0 14.5 1.3 :35.6 26.8
2. 28.3 8.8 28.3 16.3 4.8 3.5 5.0 145.0 73. 3 0.1
111.0 2.6 1.0i 9.0i 1.5 31.2 15.4
2. 27.7 10.3 32.0 16.0 5.5 3.7 6.3 144.0 65.0 0.1
105.0 4.0 1.01 10.0i 1.2 36.8: 14.0
2. 29.0 10.5 35.5 20.0 5.1 4.1 5.5 119.0 58.0 0.1
70.0 5.0 1.0 10.0 1.2 :27.0 15.8
3. 35.0 9.2 32.5 20.0 5.1 3.3 5.2 200.0 45.0 0.1
37.5 0.1 2.0 15.0 1.0 0.1 0.1
3. 35.0 9.8 30.0 17.5 4.4 3.1 5.4 205.0 63.3 0.1
61.7 0.1 1.5 16.0 0.9 0.1 0.1
3. 35.3 10.0 29.0 17.5 4.5 3.5 5.0 183.3 34.7 0.1
43.3 3.0 1.0 12 .0 1.1 0.5 1.0
3. 31.5 9.5 30.0 20.0 5.3 4.0 6.1 145.0 37.5 0.1
47.5 4.5 1.0 12.0 1.1 0.8 4.0
3. 36.5 11.0 30.0 20.0 4.1 3.7 5.9 268.8 75.5 0.1
52.0 0.1 6.0 11.0 1.0 0.1 0.1
3. 26.0 10.0 33.0 19.0 4.0 3.3 5.0 135.0 30.0 0.1
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53.7 3.5 1.0 7.0 0.9 1.3 2.0
3. 27.4 10.5 30.8 22.0 5.2 4.0 6.5 205.0 51.5 0.1 235.0
60.0 0.1 1.0 10.0 1.0 0.1 0.1
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TABLE 1.8 PRINCIPAL COMPONENT ANLAYSIS Characters 
contributing most to the variation in pci, pc2, and pc3 for 
the taxa of the Rudbeckia californica complex.
pci LS, LM, TL, TW = 68%
pc2 LS, LM, TL, TW = 28%
pc3 SL, SW, LM, TL = 1%
TOTAL = 97%
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TABLE 1 . 9  CANONICAL DISCRIM INANT A N A L Y SIS
Characters contributing most to the separation of taxa in 
canl and can2 in the analysis of the Rudbeckia californica 
complex.
canl TL, TW, CL, LM = 83%
can2 RW, DW, RL, IB = 17%
TOTAL =100%
Statistics based on the following ultivariate test: Wilks'
Lambda, Pillai's Trace, Hotelling-Lawley Trace, and Roy's 
Greatest Root. All test were significant at the 0.05 level.
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TABLE 1.10 Seventeen characters with abbreviations and 
definitions analyzed in a morphometric study of the 
Rudbeckia occidentalis group, which includes R. 
occidentalis. R. aloicola. and R. montana.
DL Length of the disk (head) nun
DW Width of the disk (head) mm
AL Length of the achene mm
CL Length of the disk flower corolla mm
BL Length of the receptacular bract (palea) mm
SLP Length of the petiolate leaves mm
SWP Width of the petiolate leaves mm LST Number of hairs 
per 4mm square on the upper leaf surface 
LSB Number of hairs per 4mm square on the lower leaf 
surface
LM Number of teeth along the margin per 5 mm
HN Number of heads per plant
IBL Length of the longest involucral bract 
PL Length of the pappus
TL Length of the teeth on the leaf margin mm 
TW Width of the teeth on the leaf margin mm 
SLS Length of sessile stem leaves mm 
SWS Width of sessile stem leaves mm
Note* In each case the mean of five measurements or counts 
was used in the data matrix.
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TABLE l.ll Data matrix used in the analysis of the 
Rudbeckia occidentalis group. The measurements are of 
characters listed in Table 8 and are arranged in the 
following order: DL, DW, AL, CL, BL, SLP, SWP, LST, LSB, LM, 
HN, IBL, PL, TL, TW, SLS, SWS. Numbers in column 1 represent 
the taxa included in this analysis: 1) R. alpicola. 2) R. 
montana. 3) R. occidentalis.
1. 46.0 24.0 5.1 4.5 7.1 200.0 134.0 40.0 192.0 3.0 1.0
30.0 0.8 63.2 11.2 131.0 65.0
1. 46.0 24.3 4.9 4.3 7.0 200.0 190.0 93.0 544.3 4.0 1.0
30.2 0.7 61.7 16.5 135.0 105.0
1. 70.0 30.0 5.2 4.0 7.3 260.0 120.0 186.5 408.0 1.7 1.0
30.0 0.5 114.0 16.9 130.0 70.0
1. 64.0 24.0 4.8 4.2 6.8 185.0 80.0 144.6 429.0 2.5 1.0
25.0 0.5 63.3 13.3 120.0 50.0
2. 65.0 26.0 6.5 5.0 7.0 203.0 193.0 0.1 0.1 2.7 1.0
26.7 1.6 1.0 1.0 122.5 30.0
2. 55.0 21.0 6.9 5.0 7.9 180.0 105.0 0.1 0.1 1.0 1.0
20.0 1.5 0.3 0.3 155.0 110.0
2. 77.0 24.0 7.1 4.4 7.4 260.0 222.5 0.1 0.1 1.0 1.0
20.0 1.4 0.3 0.3 155.0 110.0
2. 42.5 21.0 2.3 4.0 5.9 180.0 107.5 0.1 0.1 2.0 1.0
23.5 1.0 70.0 10.5 165.0 65.0
2. 40.0 26.0 6.7 4.2 6.5 170.0 65.0 0.1 0.1 0.1 3.0
17.0 1.4 62.5 15.5 125.0 47.5
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3. 25.0 18.0 3.6 3.4 5.5 127.0 70.5 62. 7 46.0 196.0 1.0
9.0 0.5 10.0 0.7 95.0 57.5
3. 28.5 10.0 3.7 3.2 4.5 120.0 40.0 26. 5 16.0 37.0 4.0
11.0 0.7 5.0 2.0 98.3 43.3
3. 20.0 15.0 2.2 3.5 4.9 156.7 70.0 44. 7 24.0 55.0 3.0
11.0 0.3 6.4 7.5 133.3 65.7
3. 33.0 19.0 5.5 3.9 5.4 130.0 60.0 55. 5 35.0 62.3 1.0
10.0 1.2 4.5 7.0 117.0 54.0
3. 30.0 20.0 5.0 3.3 5.1 112.3 53.0 167.0 101.0 300. 0 3.0
17.0 0.9 3.5 7.5 104.0 52.5
3. 33.0 18.0 4.5 4.1 6.4 113.0 58.0 48.0 21.0 75.0 1. 0
10.0 0.8 2.5 7.3 108.0 46.6
3. 49.5 27.0 5.7 4.4 5.6 152.0 94.3 56.8 3.5 73.3 1. 0
13.0 102 6.6 16.8 128.5 82.0
3. 33.7 14.7 3.2 3.8 5.8 129.0 75.0 118.0 90.0 136.7 1.5
20.3 0.6 2.3 7.3 123.5 48.5
3. 37.2 17.6 3.8 3.3 5.4 126.8 81.4 47.8 22.3 73.3 1. 0
22.3 0.8 3.5 10.5 117.2 59.8
3. 29.0 18.0 3.8 4.2 4.5 190.0 94.7 48.6 56.3 3.7 1.0
25.0 0.5 3.6 11.6 118.3 59.0
3. 55.0 26.0 5.4 3.9 6.7 163.7 90.0 9.2 8.0 10.0 1.0
30.0 0.9 1.7 13.3 125.7 50.0
3. 33.8 14.8 5.2 4.0 5.5 230.0 135.0 30.8 8.4 43.5 2.0
17.7 0.7 6.4 19.0 101.0 51.0
3. 30.0 18.0 4.5 3.2 3.8 143.0 64.0 70.3 2.5 12.0 1.0
20.0 0.5 6.8 14.0 92.7 72.7
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3. 41.5 20.0 4.7 4.4 6.9 151.0 70.0 10.8 9.7 12.0
20. 0 1.0 2.3 9.0 107.0 49.5
3. 20.8 23.3 5.0 3.4 6.8 141.0 71.0 9.2 1.5 14.3
16. 5 0.5 4.0 12.2 131.3 77.0
3. 40.0 22.7 5.3 3.9 6.3 117.0 74.3 126.6 37.0 261.0
16. 0 1.2 4.6 9.4 103.4 57.4
3. 32.0 20.0 4.4 3.6 5.5 172.5 82.5 87.3 51.0 160.0
38. 0 1.1 1.0 5.0 120.0 57.5
3. 35.5 16.3 5.7 3.8 6.1 90.0 52.0 506.7 50.0 735.0
30. 0 1.0 1.0 5.0 120.0 55.0
3. 25.0 25.0 5.0 4.3 7.0 140.0 105.0 273.5 90.0 457.0
17. 5 0.9 9.5 13.0 122.5 15.0
3. 27.5 20.0 5.0 4.0 6.0 165.0 70.0 131.0 82.0 155.0
16. 5 0.8 8.5 14.8 125.0 57.5
3. 37.5 17.5 4.2 3.7 5.3 120.0 70. 0 161.3 52.5 270.0
23. 5 0.7 6.8 13.0 117.5 60.0
3. 38.0 20.0 55.0 4.4 5.5i 165.0i 79.0 12.5 3.0 21.5
15. 0 1.0 1.3 6.0 97.5 47.5
3. 37.0 21.5 4.6 4.0 6.5 130.0i 55.0 31.5 2.3 60.7
16. 0 1.1 2.0 5.3 95.0 50.0
3. 43.7 29.7 5.4 4.6 7.0 125.0 60.5 9.2 2.5 16.3
20. 0 1.1 4.0 10.0 120.7 54.0
3. 30.0 22.0 5.6 4.5 7.1 170.0 91.0 45.0 16.0 74.0
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TABLE 1 . 1 2  P R IN C IP A L  COMPONENT A N A L Y SIS
Characters contributing most to the variation in pci, pc2, 
and pc3 in the analysis of the Rudbeckia occidentalis group.
pci LSB, LST, TL, TW = 78%
pc2 TL, LST, SLP, TW = 13%
pc3 HN, SWP, TW, SWP = 1%
TOTAL = 92%
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TABLE 1 . 1 3  CANONICAL DISCRIM INANT AN A LY SIS
Characters contributing to the separation in canl and 
can2 of the analysis of the Rudbeckia occidentalis group.
canl LT, 
can2 HN,
DL, SLP, LM = 58% 
LSB, LST, PL = 42%
TOTAL =100%
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Table 1.14. Survey of Flavonoids from Rudbeckia.
The numbers represent the flavonoid compounds listed in 
Table 15.
TAXON 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Subg. Rudbeckia
R. fulgida var. fulgida
R. fulgida var. 
palustris
R. fulgida var. 
spathulata
R. fulgida var. 
sullvantii
R. fulgida var. 
umbrosa
R. graminifolia
R. grandiflora var. 
alismaefolia
R. grandiflora var. 
grandiflora
R. heliopsidis
R. hirta var. 
angustifolia
R. hirta var. 
hirta





0 0 0 0 0 1 0 0 0  0 
0 0 0 0 0 1 1 0 0  0
0 0 0 0 0 1 1 0 0  0
0 0 1 0 0 1 1 0 0  0
0 0 1 0 0 1 1 0 0  0
0 1 1 0 0 0 0  '0 0 0 
0 0 0 0 0 1 0 0 0  0
0 0 0 0 0 1 1 0 0  0
1 0 0 1 0 0 0 0 0  0 
0 0 0 0 0 1 1 0 0  0
0 0 1 0 0 1 1 0 0  0
0 0 1 0 0 1 1 0 0  0
0 0 0 0 0 0 1 0 0  0 
0 0 0 0 0 1 0 0 0  0 
0 0 0 0 0 1 0 0 0  0
0 0 0 0 0 0 0 
0 0 1 0 0 0 0
0 1 1 0  1 0  0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 
0 1 1 1 1 0  0
0 0 1 0 0 0 0
0 1 0  0 1 0  0
0 0 1 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 1 0 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
94
R. triloba var. 0 0 1 0 0 1 1 0 1  0 0
pinnatiloba
R. triloba var. 0 0 1 0 0 1 1 0 1  0 0
rupestris
R. triloba var. 0 0 0 0 0 1 0 0 0  0 1
triloba
Subgenus Macrocline
R. alpicola 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0
R. auriculata 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0
R. californica 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
R. glaucescens 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
R. maxima 1 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
R. mohrii 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
R. nitida 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0
R. occidentalis 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
R. scabrifolia 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0
Subq. Laciniata
R. laciniata var. 
ampla
0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R. laciniata var. 
digitata
0 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0
R. laciniata var. 
humilis
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
R. laciniata var. 
laciniata
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 1.15 Flavonoid compounds, Rf values, and color 
changes. B=brown; b=bright; bb=black; D=dark; g=gold; 
G=green; P=purple; O=orange.
COMPOUNDS Rf VALUES COLORS
TBA HOAC UV +NH3
1. Isovitexin-diglycoside .57 .55 DP gB
2. Quercitrin .69 .58 DP g
3. Isoorientin .49 .40 DP g
4. 2"-O-glycosylvitexin .52 .70 DP g
5. Vitexin rhamnoside .57 .68 DP yG
6. Herbacetin 3-0-glycoside .78 .38 DG G
7. Patuletrin . 30 .10 y o
8. Unknown .45 .18 y y
9. •» .50 .70 DP by
10. Saponarin .40 .50 P g
11. Unknown .41 .48 P y
12. Quercetagetin .35 ocH• y y
13. Unknown .49 .10 DP g
14. " .70 .26 p y
15. " .50 .18 p g
16. " .50 .90 y y
17. " .53 .19 g by
18 " .70 .50 DG bb
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2n=36 Covington Co, AL
n=18
n=18 Alpine Co, CA
2n=36 Fresno Co, CA
n=18 Josephine Co, OR
n=18 Trinity Co, CA
2n=3 6 Van Zandt Co, TX
n=18 Cherokee Co, TX
n=18 Montrose Co, CO
2n=36 Gulf Co, FL
n=18 Toombs Co, Ga
2n=3 6 Teton Co, WY
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Table 1.17 Characters used in the phylogenetic analysis 
of the the species in Rudbeckia subg. Macrocline. Zero 
represents the plesiomorphic state and one the apomorphic 
condition. Multistate characters are unordered.
1. Chromosome number: 0=14; 1=18; 2=19
2. Upper leaf surface: Pubescent=0; glabrous or near so=l
3. Lower leaf surface: Pubescent=0; glabrous or near so=l
4. Leaf surface: not glaucous=0; glaucous=l
5. Stem surface: not glaucous=0; glaucous=l
6. Leaf Margin: toothed=0; entire=l
7. Leaf type: compound=0; simple or lobed=l
8. Palea shape: not surrounding the achene=0;
surrounding the achene=l.
9. Palea length: longer than the achene=0; equal to 
or slightly longer than the achene=l
10. Achene shape: flattened=0; quadrangular=l
11. Ray flowers: not subtended by palea=0; subtended by 
palea=l
12. Disk (head) length: longer than 30 mm=0; shorter than 
29 mm=l
13. Disk (head) width: wider than 20 mm=0; width less
than 19 mm=l
14. Corolla color: dark=0; yellow=l
15. Rays present=0; rays absent=l
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16. Achene length: less than 4 mm=0; greater than 4 mm=l
17. Length of ray flowers: less than 30 mm =0; greater 
than 30=1;
18. Stomates on leaf surface: not sunken=0; sunken=l
19. Hair types: none=0; conical=l; unicelluar=2; 
multicellular=3;
20. Palea densely pubescent=0; moderately pubescent=l
21. Pappus length: less than 1 mm=0; greater than 1 mm=l
22. Diploids=0; diploids and polyploids in populations=l
23. Leaf length: less than 200 mm=0; greater than 200 mm=l
24. Leaf width: less than 50 mm=0; greater than 50 mm=l
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Table 1.18 Data matrix used in the cladistic analysis of 
Rudbeckia subg. Macrocline. Ratibida. Rudbeckia fulgida and 
Rudbeckia laciniata are considered to be outgroups. 
Characters 1, 1, and 19 are unordered multistate characters.
Ratibida 00000 00000 00000 00000 0000
Rudbeckia fulgida 10000 11001 11000 00030 0100
R. laciniata 11001 00011 10010 11030 0101
R. alDicola 20001 01111 10101 10021 0001
R. auriculata 20001 01111 10101 10021 0001
R. californica 21001 01111 10000 11030 1010
R. alaucescens 21111 11111 10000 11100 1010
R. klamathensis 20101 01111 11000 10030 1011
R. maxima 21111 11111 10100 11101 1001
R. montana 20101 11111 10101 10030 0001
R. mohrii 21101 11111 11000 10001 0010
R. nitida 20001 01111 11000 11011 1010
R. occidentalis 20001 11111 10101 10030 0000
R. scabrifolia 20001 11111 11000 11030 1001
R. texana 20001 01111 10100 11030 1000
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Figure 1.1 Principal components analysis (PCAI) for the 
Rudbeckia nitida group. Plus = R. texana. diamond = R. 
auriculata. star = R. maxima. square = R. scabrifolia. 
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Figure 1.2 Principal components analysis(PCAII) for the 
Rudbeckia nitida group. The taxa are shown in three 
dimensions with the balloons=R. texana. diamonds = R. 
nitida. and the stars = R. maxima.
2 £
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Figure 1.3. Principal components analysis (PCAIII) for the 
Rudbeckia nitida group. The taxa included in this analysis 
are pyramids = R. nitida and balloons = R. texana.
d &PRIN3
. 3 0  •
0.00 -
- 2 . 5 8 -0.7233
PRIN1 .83
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Figure 1.4 A canonical discriminant analysis (CVA) for the 
Rudbeckia nitida group. All species are represented in this 
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Figure 1.5 A canonical discriminant analysis (CVA) for the 
Rudbeckia nitida group. The species included in this 
analysis (CVAXI) are R. maxima. R. nitida. R. scabrifolia. 
and R. texana. Symbols are the same as in Fig. 1.
□
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Figure 1.6 The same analysis as in Fig. 5 but shown in 
three dimensions. Balloons = R. texana, diamonds = R. 
nitida. squares = R. scabrifolia, and stars = R. maxima.
CD
CN3
3 . 2 4  -
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Figure 1.7 Principal component analysis of the Rudbeckia 
^-Hfornica complex. Spades = E* californica, PYramids= R. 
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Figure 1.8 Canonical Variate Analysis for the Rudbeckia 
californica complex. Pluses = R. californica. squares = R. 
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Figure 1.9 Principal components analysis of the Rudbeckia 
occidentalis complex. Spades = R. alpicola, hearts — R. 
montana. and clubs = R. occidenta1is.
■RIN3
0 .7 0  •
PRIN2
.73 -1 . o7
0 .3 7
- I  .03PRIN
- 2 . 8 3
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Figure 1.10 Canonical variate analysis for the Rudbeckia 
occidentalis complex. Diamonds = R. occidentalis. pluses = 
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Figure l.li 1) Mitotic chromosome count for R. auriculata 
(Cox 4972) 2n=36. 2) Meiotic chromosome count for R.
scabrifolia (Cox 4907) n=18.
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Figure 1.12 A UPGMA phenogram based on a similarity matrix 
for flavonoid data. CCC= 0.74. Species represting the tree 
subgenera (Laciniata. Macrocline and Rudbeckia) are included 
in this analysis.
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Figure 1.13 One of the four 54-step equally parsimonious 
cladograms representing the subg. Macrocline. The 
consistency index (Cl) is 0.519. Bars (-) represent 
characters without homoplasy; stars (*) represent 
synapomorphies; parallel bars (=) represent parallelisms;
(x) represents reversals, and (A) represents autapomorphies. 
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Figure 1.14 A strict consensus tree of the four 54-step 
equally parsimonious cladograms representing the subg. 
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Figure 1.15. Distribution map of southeastern United States 
species of subg. Macrocline. Square (®) represents R. 
scabrifolia. triangle (*) represents R̂ _ texana. and 
circle (•) represents R̂ . nitida.
r. nitida 
g. texana 
R. n r . a b r i f olia
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Figure 1.16. Distribution map of southeastern United States 
species of subg. Macrocline. Square (■) represents R_j_ 
mohrii. triangle (a ) represents auriculata. and 
circle (•) represents maxima.
R .  a u r i c u l a t a  
R .  m a x i m a
r . m o h r i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 1 6
Figure 1.17. Distribution map of the species of the western 
United States of subg. Macrocline. Square (■) represents R̂ . 
klamathensis. triangle (A) represents R̂ _ glaucescens and 
circle (•) represents Ri_ californica.
•  9
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Figure 1.18. Distribution map of the species of the western 
United States of subg. Macrocline. Square (a) represents R̂ _ 
alpicola. triangle (*) represents R̂ . occidentalis and circle 
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Figure 1.19 Line drawings of the achene and receptacular 
bract for the southeastern United States species of 
Rudbeckia subg. Macrocline. A. R̂ . texana. B. Rj_ nitida. 
C. R_j_ mohrii. D. auriculata. E. Ej. maxima and F. R.
scabrifolia
E
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Figure 1.20 Line drawings of the achene and receptacular 
bract for the western United States species of Rudbeckia 
subg. Macrocline. A. Rj_ alpicola. B. R_j_ occidental is. C. R. 
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SYSTEMATICS OF RUDBECKIA SUBG. LACINIATA 
(ASTERACEAE:HELIANTHEAE:RUDBECKIINAE)
INTRODUCTION
Rudbeckia laciniata L., widespread throughout much 
of the United States and southern Canada, occurs along 
moist stream banks, roadsides, and borders of woods and 
river bottoms. Six varieties, forming a complex array of 
morphologically variable diploid, polyploid, sexual, and 
apomictic populations, have been recognized.
Based on morphological, cytological, and cladistic 
analyses, the present study removes R. laciniata from R. 
subg. Macrocline. where it has resided since Gray (1884) 
formed the alliance, and places it in a new monospecific 
subgenus, subg. Laciniata. Rudbeckia laciniata differs 
from members of subg. Macrocline by the absence of 
vitexin diglycoside, a flavonoid compound unique to subg 
Macrocline. and by having compound leaves, yellow disk 
corollas, rounded to slightly acuminate receptacular 
bracts that do not enfold the achenes (fig. 2.1 are line 
drawings of the achene with attached receptacular bract 
for each variety of R^ laciniata), sesquiterpene lactones 
(Vasquez 1989), polyploidy, varying degrees of apomixis 
intermixed with sexual reproduction (Battaglia 1945,
1946, 1947, 1981 and Cronquist 1980), and a chromosome 
complement of x=19(18).
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The objectives of this study are to determine the 
geographic pattern and extent of morphological and 
cytological variability in an attempt to identify 
phyletic units within the complex by the means of 
conventional and computer-assisted analyses; to explore 
possible phylogenetic relationships in the R. laciniata 
complex to other species in the genus by cladistic 
methods using outgroup comparison; and to provide a 
taxonomic treatment for the varieties of R. laciniata 




Rudbeckia laciniata was first named by Linnaeus 
(1753) in Species Plantarum. Since then, there have been 
various treatments of varieties and other related species 
by previous workers. Torrey and Gray (1841), in their 
treatment of the Flora of North America recognized two 
varieties, R. laciniata var. diaitata (Mill) Fiori and 
var. laevigata Pursh. Torrey and Gray (1841) suggested 
that R. heterophvlla Gray was related to R. laciniata but 
differ in size and degree of pubescence. The previously 
mentioned taxa were placed in sect. Rudbeckia (Torrey and 
Gray 1841). Later, Gray (1884) placed R. laciniata into 
sect. Macrocline and submerged var. diqitata into var.
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laciniata and synonymized var. laevigata with his new 
var. humilis Gray and retained R. heterophvlla as a 
distinct species. Nelson (1901) described a new 
Rudbeckia from the west as R. ampla A. Nels, but 
Cronquist (1945) considered this taxon to be a variety of 
R. laciniata. There has been much debate on the 
distinctiveness of var. ampla (A. Nels) Cronq. Jones 
(1957) argued that this taxon should be separate from R. 
laciniata based on morphology, habit, and geographical 
distribution. Fernald (1959) considered var. ampla as a 
synonym of var. laciniata and Weber (1982) elevated it 
to rank of subspecies.
The most recent comprehensive revision of Rudbeckia 
was that of Perdue (1959). In his treatment of R. 
laciniata. he separated the species into six varieties. 
Among the taxa, R. laciniata var. laciniata is the most 
widely distributed occurring from Nova Scotia to Manitoba 
south to Arkansas and Florida. Perdue (1959) defined 
this taxon as a complex and artificial assemblage 
intermediate between the varieties, ampla. bipinnata. and 
humilis. Rudbeckia laciniata var. ampla is widespread 
but restricted to the Rocky mountain region. Rudbeckia 
laciniata var. digitata is scattered throughout eastern 
North America, has smaller heads and shorter rays than 
var. ampla. The other three varieties have more
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restricted distributions: var. humilis occurs from 
southwestern Pennsylvania to Georgia, var. bipinnata 
Perdue is limited to New York, New Hampshire, Maryland, 
and Pennsylvania, and var. heterophvlla. was thought to 
be known only from type material and restricted to 
central Florida. Cronquist (1980) who dealt with the 
taxa of the Southeastern United States, places var. 
heterophylla in synonymy with var. diaitata.
Cytological and Embryological History
There is controversy over the base number for R. 
laciniata. Perdue (1959; 1960) identified the base 
number as x=18 and summarized additional numbers of 
2n=36,52,72,and 102+. Other studies conflict with 
Perdue's findings (Battaglia 1946a, 2n=38, 76; Fagerlind
1946, 2n=32-37; Heiser and Smith 1954, n=19; Keil and 
Stuessy 1977,n=19; Pinkava and Keil 1977, n=19; and 
Turner 5684. TEX, in sched, n=19). Perdue (1959; 1960) 
examined a number of herbarium specimens of R̂ . laciniata 
var. laciniata and reported more than one-third have a 
large amount of aborted pollen that is highly variable in 
size. He postulated the high degree of sterility was due 
to "various levels of polyploidy and possibly 
intervarietal hybridization."
Embryological studies of Battaglia (1946a, 1946b,
1947, 1981), provide information concerning apomixis in
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R. laciniata. He compared megasporogenesis of a 
tetraploid plant (2n=76), which had the Ixeris-scheme of 
embryo-sac development, with a sexually diploid one 
(2n=38) possessing the Fritillaria-tvpe. According to 
Nygren (1954), R. laciniata sometimes forms accessory 
restitution nuclei which appear during meiosis. "As a 
rule one restitution nucleus with unreduced chromosome 
number is formed, but sometimes two restitution nuclei of 
different sizes may be produced during the first or even 
during the second division" (Nygren 1954). Battaglia 
(1947) also reported a special phenomenon in R. laciniata 
which he termed semigamy. He observed in the diploid 
cell, that after the penetration of the sperm into the 
egg, the egg nucleus and the sperm nucleus did not fuse, 
but underwent mitosis independently (Battaglia 1981).
This can be followed by the formation of chimeras having 
cells with the somatic chromosome number and half the 
somatic chromosome number in the same embryo (Nygren 
1954).
Cronquist (1980) noted that the widespread taxon R. 
laciniata var. laciniata was more apomictic than sexual 
and the other varieties, which are restricted 
geographically, were more sexual than apomictic. Grant 
(1971) terms species that possess both sexual and asexual 
individuals as facultative apomictics, and suggests that
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these plants may have some selective advantage over 
species that are only amphimictic (sexually reproducing) 
or only apomictic.
Chemical History
Concerning chemical analyses for R. laciniata. 
Bohlmann et al. (1978) reported norsequiterpenes and 
endoperoxides from root material. Polyacetylenes with 
sulphur rings were detected by Bohlmann et al. (1973). 
Vasquez (1989) found that R. laciniata differed from 
species of subg. Macrocline by containing sesquiterpene 
lactones of the type found in species of subg. RudbecJcia. 
Several species in subg. Macrocline were surveyed, but 
did no contain lactones. Lignanes were also found in 
members of subg. Macrocline but were absent from species 
in subg. Laciniata and Rudbeckia.
MATERIALS AND METHODS
Morphological Studies
This study is based on specimens borrowed from 
several herbaria and on plants collected by the author 
between 1986-1989 (vouchers are deposited in the LSU 
Herbarium). Specimens were selected based on their 
maturity and completeness. Twenty-three continuous 
vegetative and floral morphological characters (table 
2.1) were measured or scored for each sample. Each entry 
in the data matrix represents the mean of five (when
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available) measurements per character per individual.
The OTU's of the data matrix were assigned to six 
infraspecific taxa (table 2.2). Computer analyses using 
SAS (Helwig and Concil 1979) and NTSYS (Rohlf et al.
1979) followed the procedures outlined in Chapter 1. 
Cytological Studies
Meiotic chromosome counts were made from buds 
collected in the field and fixed in Modified Carnoy's and 
stained according to Snow's procedure (Radford et al. 
1974) .
Pollen was removed from 490 herbarium specimens and 
stained with cotton blue in lactophenol. A minimum of 
two hundred pollen grains was counted on each slide to 
obtain the percent viability. A scanning electron 
micrograph of a typical pollen grain from R^ laciniata is 
shown on Plate 8 fig 2.
Chemical Studies
Flavonoid profiles were made from crude methanolic 
extracts spotted on 23 X 28.5 cm 3MM Whatman paper and 
run two dimensionally first in TBA (3:1:1:-tertiary 
butanol: glacial acetic acid: water) then 15% HOAC (Mabry 
et al. 1970). Compounds were detected in UV light and 
color changes observed in the presence of ammonium 
vapors. Compounds for identification were isolated from 
a minimum of 100 g of ground leaf material following
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techniques of Giannasi (1975); Crawford et al. (1986), 
and Bacon et al. (1978). Sets of UV spectra were 
obtained according to the methods of Mabry et al. (1970) ; 
Mears and Mabry (1972) and Bacon et al. (197 6) .
Cladistic Analysis
Twenty-four characters were chosen for the 
phylogenetic analysis of subg. Laciniata (table 2.3). 
Based on previous cladistic analyses in Rudbeckia (Cox 
and Urbatsch 1990), Ratibida and subg. Rudbeckia were 
considered to be outgroups and characters were polarized 
by methods of Maddison et al. (1984) . The data matrix 
(table 2.4) consists of eight OTU's: i.e. Ratibida. R. 
fulqida. R. laciniata vars. ampla. bipinnata. digitata, 
heterophvlla. humilis. and laciniata. The analysis was 
performed on an IBM PC computer with the 2.4 version of 
PAUP (Swofford 1985). The Branch and Bound algorithm, 
which guarantees discovery of the most parsimonious 
trees, was used in conjunction with the Farris 
optimization routine (Farris 1970) and Lundberg rooting 
(Lundberg 1972) to produce a cladogram. The contree 
option was also performed to produce a strict consensus 
tree.
RESULTS AND DISCUSSION 
Morphological Studies
The R. laciniata complex includes six taxa of 
morphologically overlapping characters. The GLM
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procedures tested for the significance of each variable. 
Of the 23 characters chosen for this analysis, only six 
proved to be significant at the 0.05 level and seven were 
borderline (0.06 level) (table 2.5). However, none of 
the characters were highly correlated to each other. Two 
multivariate statistical programs were performed on the 
data accrued in this study. The first being the 
Principal Component Analysis, which showed the 
distribution of individuals to be completely random and 
did not cluster each taxon into discrete groups as was 
seen in the PCA of subg. Macrocline (fig. 2.2). The 
first three principal components represent 95% of the 
variation found among the taxa with 85% in pci. Ray 
length (RL), receptacular bract length (RBL), upper leaf 
surface (ULS) and teeth width (TW) were the characters 
responsible for the distribution of individuals in pci.
In addition to the previous mentioned characters (with 
the exception of RL), lower leaf surface (LLS) in pc2 and 
pappus length (PL) in pc3 were variables contributing to 
the position of specimens in those dimensions (table 
2.6).
The second multivariate analysis used was the 
canonical variates analysis (CVA). Clusters were more 
readily observed, but the groups were still not discrete 
enough to be considered as separate units (fig. 2.3).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 3 6
Eighty-eight percent of the separation among the taxa was 
found in the first three canonical variates, with 39% in 
cvl, 27% in cv2 and 22% in cv3. The multivariate 
statistical tests performed in this analysis were all 
significant at the 0.05 level. These tests included 
Wilk's Lambda, Pillai's Trace, Hotelling-Lawley Trace and 
Roy's Greatest Root. Important characters in cvl 
centered around the floral features; achene length (AL), 
corolla length (CL), receptacular bract length (RBL), and 
ray width (RW). Floral characters were also responsible 
for the variation in cv2 and cv3 (table 2.7).
In a comparison of this morphometric study of 
Rudbeckia laciniata with that of subg. Macrocline a 
number of differences can be noted. Taxa in 
subg. Macrocline were represented as discrete groups in 
each of the multivariate analyses, resulting in the 
taxonomic treatment of 12 distinct species instead of 
recognizing infraspecific taxa. The results of the subg. 
Laciniata analysis did not separate the varieties into 
distinct groups; therefore R. laciniata is still 
considered to be one species.
The UPGMA clustering analysis based on similarity 
produced a phenogram (fig. 2.4) which shows that the most 
similar taxa are varieties humilis and diaitata. They in 
turn are more similar to var. heterophvlla. This cluster
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has an affinity toward var. ampla. Varieties bipinnata 
and laciniata are sister taxa. The cophenetic 
correlation coefficient = 0.625. The phenogram based on 
taxonomic distance, also places varieties humilis and 
diqitata as sister taxa, closest to var. heterophvlla. 
and clustering to var. laciniata. Varieties ampla and 
bipinnata form a separate group. The cophenetic 
correlation coefficient = 0.725. In general terms, the 
analysis based on similarity usually relates to shape and 
the taxonomic distance matrix is based on size; 
therefore each tree represents different information. 
Based on size and shape, varieties humilis and diqitata 
are the closest to each other and show a correlation to 
var. heterophvlla.
Cytological Studies
Meiotic chromosome counts were made from pollen 
mother cells from buds collected and fixed in the field. 
The chromosome number was determined to be n=19 for the 
samples examined in this study. Table 2.8 reports the 
counts made in this study and in previous works.
The pollen viability study was undertaken as an 
indirect measure of apomixis and to determine if pollen 
stainablilty corresponded with a taxonomic variety or 
geographical distribution (either by state, county, or 
altitude). Based on this study, these questions are
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still unanswered. Over 500 slides were made by 
collecting a pollen sample from herbarium sheets.
Samples were made from specimens collected throughout the 
range of R. laciniata. Included in this study was one 
representive per county from 45 states. A number of 
specimens contained less than 50% viable pollen, but no 
one variety had less viable pollen than any other, and 
percent viability did not correlate to any particular 
geographical distribution. For example, it was 
hypothesized that plants belonging to var. ampla growing 
at high elevations in the Rocky Mountains would be more 
apomictic and have low pollen viability. The study 
showed that this was not the case; some had high 
viability counts (100%) while others were low (less than 
20%) .
Chemical Studies
Rudbeckia laciniata differed from species of subg. 
Macrocline by lacking isovitexin-diglycoside, a flavonoid 
compound common to the Macrocline taxa (Chapter 1 - table 
1.12). Compounds found in subg. Laciniata included: 
quercitrin, isorientin, 2"-0-glycosylvitexin, vitexin 
rhamnoside, quercetagetin, and an unknown compound.
Cladistic Analysis
The cladistic analysis of the subg. Laciniata 
resulted in two parsimonious cladograms consisting of 19
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steps with a consistency index (Cl) of .842. The two 
trees have the same topology but differ in branch 
lengths. In these trees, var. laciniata and ampla are 
sister taxa related to bipinnata. The character 
supporting the node to laciniata and ampla is achene 
length greater than 4 mm (16), and ray length greater 
than 30 mm (17) is the synapomorphy linking the three 
taxa together. Disk length greater than 30 mm (12) is a 
homoplasious character shared by these taxa as well as 
Ratibida. Varieties diqitata and humilis are sister taxa 
with pubescent upper leaf surfaces (2). No characters 
used in this analysis will separate diqitata from 
humilis. Variety heterophvlla is represented as the 
primitive taxon in the group, differing from the other 
varieties by having a leaf width less than 50 mm (24). 
Variety heterophvlla is the only taxon within this 
complex that consistently has simple leaves. Other taxa 
such as humilis and laciniata may have simple upper 
leaves and an occasional simple basal leaf.
Three synapomorphies support the monophyly of subg. 
Laciniata in this analysis which excluded subg. 
Macrocline. i.e. stem surface glaucous (5), palea not 
surpassing the achene (9), and disk flowers yellow (14). 
The clade of subg. Laciniata is more closely related to 
Rudbeckia than to Ratibida. A strict consensus tree is 
given in fig. 2.5.
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CONCLUSIONS
Based on the cladistic and phenetic analyses, the 
subg. Laciniata is composed of several geographically and 
morphologically overlapping varieties. These analyses 
support the merging of var. humilis and diqitata [var. 
diqitata (Mill) Fiori], both are distributed in the 
southeastern United States and are morphologically 
indistinguishable. Perdue (1959) separated the varieties 
on the basis of the leaf midrib being winged on var. 
diqitata. The present study has not found this character 
to be consistent.
Although Cronquist (1980), synonymized var. 
heterophvlla with var. diqitata. the present study 
considers var. heterophvlla to be distinct on the bases 
of leaf pubescence, cordate simple basal leaves, upper 
leaves also mainly simple, and its endemism to Levy Co., 
FL.
Based on similarity and phylogenetic analyses, vars. 
ampla and laciniata are considered sister taxa differing 
from the other varieties by having larger achenes. These 
varieties are recognized as separate taxa for the 
following reasons: var. ampla has a wider involucre, 
thicker leathery leaves, nearly glabrous abaxial leaf 
surfaces, and a Rocky Mt. distribution. Variety 
bipinnata has close affinities to var. laciniata. but
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differs in having bipinnatifid compound leaves, more 
pubescent leaf surfaces, and smaller achenes.
TAXONOMIC TREATMENT 
Key to the varieties of Rudbeckia laciniata
1. Heads large, disk greater than 1.8 c m ...............2
1. Heads small, disk less than 1.8 cm...................4
2. Disk width 2.0 cm or more broad, leaves tend to be 
thick, leathery and glabrous; plants west of the
Great Plains........................... 2) var. ampla
2. Disk width less than 2.0 cm broad, leaves tend to 
be thin, membranous and sparsely to densely 
pubescent especially on the lower surface; plants
east of the Great Plains..... ..................... 3
3. Achenes 3.5-4.0 mm long; palea 3.1-4.1 mm long; 
pappus greater than 0.5 mm long; lower leaves 
bipinnatifed, upper leaves with 5-11 lobes; 
adaxial leaf surface sparsely to moderately
pubescent........................ 3) var. bipinnata
3. Achenes 4.4-6.0 mm long; palea 4.5-6.1 mm long; 
pappus less than 0.4 mm long; lower leaves 
pinnatifed upper leaves with 5-9 lobes; abaxial 
leaf surface moderately to densely pubescent
................................. 1) var. laciniata
4. Lower leaves simple, cordate, regularly 
toothed; adaxial leaf surface densely
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pubescent; plants of Levy Co. Florida
 5)var. heterophvlla
4. Lower leaves simple to pinnatifid (trifid), 
ovate, irregularly toothed; adaxial leaf 
surface sparsely to moderately pubescent; 
plants of S.E. United States (except Levy Co. 
FL) 4) var. diqitata
Rudbeckia subgenus Laciniata subg. nov.
TYPE Rudbeckia laciniata L. Species plantarum Vol 
2:906 1753. (holotype: L; photo: GH!).
Perennis, caules glaber, glaucus. Folia alterna,
simplex-compositus (3-11 lobis). Capitulescentiae in 
ramosus corymbum. Capitulum radiatus, involucrum 
conicus, paleae pubescens, apice truncatus-rotundus, 
nonconduplicatus. Flores radiorum, sterilis, citrinus, 
flores discorum, fertilis, corollae luteolus. Achenia 
(discorum), striatus, guadrangulus.
Perennial herb from a fibrous rootstock; stems erect, 
green and glaucous, unbranched except in the 
capitulescence, 0.5 to 3.0 meters tall. Leaves simple to 
compound (3-11), basal and cauline; basal ones forming a 
deciduous rosette, becoming senescent during the 
flowering period, long petiolate; blades ovate in 
outline, dissected into 5-11 lobes (except var.
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heteroohylla with simple basal leaves), the terminal lobe 
ovate, often 3 parted; lateral lobes elliptic to 
lanceolate; margins dentate to entire; apices acute to 
acuminate; bases cuneate to attenuate (cordate in var. 
heterophvlla); upper surfaces glabrous, scabrous, or 
pubescent; lower surfaces glabrous to pilose. Cauline 
leaves compound (3-11 lobes) near the base to smaller 
simple leaves near the capitulescence; lower ones 
petiolate, upper ones sessile, blades ovate in outline, 
if compound, terminal lobes elliptic, ovate to lanceolate 
(often 1-3 parted), lateral lobes elliptic to lanceolate 
often secondarily parted; margins entire to dentate; 
apices acute, acuminate to attenuate; bases attenuate, 
cuneate or rounded; upper and lower surfaces glabrous to 
pilose with unicellular to multicellular hairs. 
Capitulescence a branched corymb with 2-20 heads; heads 
radiate with receptical narrowly conical, foveolate, 
paleate; involucres globose or hemispheric 9-34 mm long, 
10-23 mm wide; involucral bracts 8-15 in 2 series, 
subequal, longest phyllary 5-10 mm long, lanceolate to 
oblanceolate, glabrous above, glabrous to sparsely 
pubescent below, margins ciliate with short appressed 
hairs, reflexed; receptacular bracts (palea) not 
conduplicate, shorter than or equally the achene length 
3-7 mm long, apex truncate or rounded, densely pubescent.
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Ray flowers numbering 8-12 in one series, corollas with a 
tube ca. 1 mm long; ligules oblanceolate, abaxial surface 
scabrous, adaxial surface papillate, 15-55 mm long, 4-14 
mm wide, lemon yellow, apices usually notched; ovary non­
functional, style branches undeveloped. Disk flowers 
numerous 150-300+ per head, corolla shape tubular; tube 1 
mm long throat 1.5-3.5 expanded, yellow to yellow green; 
lobes 5, triangular, 0.5-0.8 mm long, upright to 
spreading, yellow, margins papillate; anthers 5, purple, 
appendanges triangular; styles branched 2.5-4.5 mm long. 
Achenes quadrangular, 3-4.5 mm long, brown to black, 
striate; pappus a continuous crown less than 1.0 mm long. 
Chromosome number n=19(18); 2n=32-37;36,38,52,72,76,and 
102+; Flowering July-October.
Distribution: (fig. 2.6) Widely distributed 
throughout much of the United States and southern Canada; 
found in alluvial to sandy areas along creek banks and 
wet roadsides, often forming dense colonies. Naturally 
absent from the Pacific States and the Great Plains, but 
has been introduced in cultivation. This taxon is 
separated into five morphological varieties. Rudbeckia 
laciniata var. laciniata. the typical variety is 
widespread in the eastern United States and southern 
Canada. It can be distinguished from the other eastern 
taxa by having larger heads (receptacle greater than 17.5
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mm tall), moderately to densely pubescent leaf surfaces 
and larger achenes and pales. The next most common 
member of this complex is R. laciniata var. ampla which 
is widespread, but restricted to higher elevations (6500- 
9000 ft) in the Rocky Mt. region of the western United 
States. The remaining three varieties have limited 
distributions in the eastern United States. Rudbeckia 
laciniata var. bipinnata is limited to the northeastern 
United States; it also has large heads, but differs from 
var. laciniata by having bipinnatifid lower leaves, 
smaller achenes and pales, and leaf surfaces sparsely to 
moderately pubescent. Rudbeckia laciniata var. 
diqitata is localized in the southeastern United States. 
This taxon can be recognized by the small heads (less 
than 17.0 mm). The final variety is endemic to Levy Co., 
Florida, and is distinct from the other varieties by 
having cordate shaped basal leaves and leaf surfaces 
densely pubescent.
1. Rudbeckia laciniata L. var. laciniata Species 
Plantarum 2:906. 1753. TYPE: UNITED STATES:
Specimen in the Linnean Herbarium, Linnean Society of 
London, photograph at (GHl). R. laciniata 
L. var. laciniata Cronq. Rhodora 47:401. 1945.
R. laciniata L. var. aaspereauensis Fernald, Rhodora 
24:205. 1922. TYPE: CANADA: NOVA SCOTIA: border
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of alder thicket by the Black River (tributary to the 
Gaspereau River), 31 Aug 1921, Perry s.n.
(holotype: GHi). R. quinata Mill. Garden Dictionary ed. 
8, No. 5. 1768. (holotype: BM; as photograph: GH!).
Distribution: Widely distributed along roadsides,
stream banks, margin of woods throughout much of Eastern 
North America and Southern Canada.
Representative specimens:
CANADA: MANITOBA, Near Carberry, Neepawa district, 30 
Jul 1977, Jones 3872 (UNC). QUEBEC, Saint-Jean-de- 
Brebeuf, comte' de Megantic, Schisters emiettes sur le 
bord de la route, 6 Aug 1967, Brisson and Hamel 67141 
(COLO).
UNITED STATES: ALABAMA: AUTAUGA CO., Bear Creek 
Swamp area along hwy 14, 5.5 mi W of Prattville, 7 Sep 
1970, Moore 831 (UNC). CHEROKEE CO., Banks of Terrapin 
Creek ca. 9 mi S Centre on hwy 9, 9 Oct 1969, Krai 37759 
(TENN). CLAY CO., Talladega Creek, Franklins Place, 27 
Jul 1896, Mohr s.n. (ALU-2). COOSA CO., By US 231 at 
Stewartville, 16 Aug 1958, Krai 32459 (OS). DALE CO., 4 
mi, S of Ozark, 31 Aug 1958, Godfrey 57569 (FSU-2). 
PICKENS CO., 10 mi W of Reform, 16 Sep 1967, McDaniel 
9766 (FSU? UNC). ST. CLAIR CO., Chandler Mt, Little 
Canal Creek in Greasy Cove, 31 Aug 1962, Bostick 213-2 
(UNC).
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ARKANSAS: BENTON CO., Ozark Region, Butler Creek,
Sulphur Springs, (920 ft), 2 Sep 1966. Demaree 54223 
(COLO; SMU). CLARK CO., Gum Springs, 21 Jul 1916,
Palmer 10542 (MO). CLEBURNE CO., Below Greers Ferry 
Dam, 11 Aug 1972, Lawson et al. 1086 (NLU). FULTON CO., 
Spring Rd, Mammoth Springs, 29 Jul 1970, Thomas et al. 
20411 (COLO; FLAS; GA; NLU; SMU; UNC). GARLAND CO.,
Above proposed Blakely Dam, 25 Aug 1939, Demaree 20462 
(F; GH; SMU). INDEPENDENCE CO., Near White River, 1 mi 
S of Lock and Dam # 3, 10 Aug 1969, Thomas 16452 (NLU). 
IZARD CO., Beside old Piney Creek and hwy 56, 1 mi W of 
hwy 44. 18 Jun 1968, Thomas et al. 8862 (NLU). MARION
CO., Beside Buffalo River at hwy 14 S of Yellville, 4 
Aug 1969, Thomas 16186 (NLU). NEWTON CO., Lost Valley 
State Park, 3 Aug 1974, Thompson 725 (NLU). PIKE CO., 
Along Little Missouri River, 2 mi SW of hwy 3 01, E of 
bridge, Marx et al. s.n. (NLU). POLK CO., Buffalo Creek 
near bridge, by hwy 71, 10.3 mi N of Wickes, 17 Sep 1955, 
Perdue 2168a (LL-2). POPE CO., Tributary to Indian 
Creek, ca 1 mi SW of Sand Gap, 19 Sep 1981, Weber 32755 
(MO). RANDOLPH CO., 2.5 mi SW of Middlebrook along Mud 
Creek at the low water bridge, 22 Aug 1973, Spencer 161 
(NLU). SALINE CO., Benton, (270 ft), 17 July 1962, 
Demaree 45997 (SMU). STONE CO., Beside Hill Creek, 3.5 
mi NNE of Mountain View, 10 Jul 1968, Thomas et al. 10502
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(NLU). VAN BUREN CO., Beside Pee Dee Creek W of Clinton 
off hwy 16, 11 Aug 1972, Lawson and Marx 914 (NLU). 
WASHINGTON CO., Lake Wedington, 29 Aug, Tucker 6226 
(UNC).
CONNECTICUT: FAIRFIELD CO., Easton, 15 Aug 1883,
Johnson 1430 (F). HARTFORD CO., Southington, 28 Aug 
1897, Bissell 1473 (NMC). LITCHFIELD CO., 3.8 mi SSE of 
jet hwy 63 and 43, 2.7 mi S of Cornwall, 28 Aug 1974, 
Ahles 79754 (NLU).
FLORIDA: LEON CO., Along Meridian Rd about 8 mi N
of Tallahasee, 26 Sep 1977, Nelson 1382 (FSU). LIBERTY 
CO., Apalachicola River, Torreya State Park, 31 Aug 
1972, Godfrey 71925 (FSU).
GEORGIA: CATOOSA CO., Muddy margins of runway from 
Yates Spring, W of Ringold, Duncan 12992 (GA). CHATHAM 
CO., Mouth of Augustine Creeks, Coastal Plain Province, 
19 Sep 1958, Millinger s.n. (GH). CLARK CO., Hulme 
Farm, Winterville, 30 Sep 1925, Miller E133 (GA). COBB 
CO., In woods about o.5 mi S of Vinings, 7 Sep 1947, 
McDowell and Venard M-511 (GA). DADE CO., 7.4 mi N of 
jet of hwy 189 and US 11, 29 Jun 1964, Mueller and 
Johnson 4. (UNC). DECATUR CO., Swamp astride Mosquito 
Creek, near the State Hospital at Chattahoochee, 3 Aug 
1979, Godfrey 77106 (FSU-2). ELBERT CO., Jet. of 
Coldwater and Little Coldwater Creeks, 20 Aug 1977, Coile
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et al. 1228 (GA; UNC). HARRIS CO., Laurel Springs, area 
of Callaway Gardens, 25 Aug 1971, Jones 21412 (GA; UNC). 
JASPER CO., 3 mi S of Monticello, Piedmont Province, 14 
Oct 1967, Jones 15398 (GA). LINCOLN CO., Soap Creek 5.5 
mi NE of Lincolnton, 11 Sep 1949, Duncan 10335 (GA). 
MORGAN CO., Lake Rutledge near boat camp, 2 Sep 1979, 
Hill 1136. (GA). MURRAY CO., Cohutta Wildlife Management 
area, NE of Chatsworth, 10 Sep 1982, Coile and Coile 3309 
(GA, UNA). SUMTER CO., Hwy 49 just S of RR crossing at 
Andersonville, 10 mi NNE of Americus, 9 Sep 1974, Jones 
and Jones 22577 (GA). UPSON CO., Auchumpkee Creek 
covered Bridge, 1 mi E of US 19, 1.7 mi N of hwy 22, 6 
Sep 1978, Nelson and Frier 1043 (FSU).
ILLINOIS: COOK CO., Thatcher Woods Forest Preserve, 
25 Aug 1959, Krai 9398a (SMU-2). DU PAGE CO., Along W 
branch Du Page River, W of Wayne Center, 17 Aug 1957, 
Bennett s.n. (UC). GALLATIN CO., 6 mi N of Old 
Shawneetown, 2 Sep 1960, Evers 67447 (UNC). HANCOCK CO., 
Hancock Tp, 10 Sep 1916, Gates 10011 (F). LAKE CO., 
Libertyville, 7 Sep 1912, Sherff 1874 (MO). LASALLE CO., 
Illinois State Park, Starved Rock, Jun-Sep 1921, Thony 
113 (MO). MACAUPIN CO., Flood plain of Big Apple Creek, 
NW of Scottville, 5 Oct 1970, Koellinq 3714 (TENN). 
MADISON CO., Alton, right-of-way of the Illinois Central 
Gulf Railroad, W of Cut St., 16 Aug 1978, Muehlenbach
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4249 (MO). MCCLEAN CO., Bloomington, Sep 1886, Smith 
s.n. (MO). OGLE CO., Near Elkhorn Creek, ca. 2 mi NE of 
Brooksville, 9 Aug 1970, Koellina 3637 (TENN). PIATT 
CO., Allerton Park near Monticello, 9 Sep 1956, Jones 
20873. (F). POPE CO., Along Big Grand Pierre Creek, 20 
Aug 1882, Ucrent and Mibb 82-99 (TENN). RICHLAND CO., 
Lower Wabash Valley, 25 Aug 1924, Ridcrwav 2180 (MO). 
STARK CO., Near Wady Petra, 24 Aug 1898, Chase 167 (MO- 
2). ST. CLAIR CO., Woods road, Silver Creek off hwy 
161, 27 Sep 1964, Neil 16558 (UNC). WILL CO.,
Normantown, 25 Aug 1934, Dreisbach 8358 (GH). WINNEBAGO 
CO., Fountaindale, 1872, Bebb s.n. (M0).
INDIANA: BOONE CO., E of Zionsville, 26 Aug 1949,
McCov 5224 (FSU). HUNTINGTON CO., Huntington College,
27 Aug 1962, Henderson 62-976 (FSU). JASPER CO., 2.25 
mi SE of Goodland, 25 Jul 1940, Welch 6119 (MO). LAKE 
CO., Hobart, 18 Jul 1970, Hennen and Spone s.n. (OSC). 
LAWRENCE CO., Hoosier forest, 16 Jul 1936, Wilson 45 
(RM). MARION CO., Holliday Park Botanical Gardens, l Aug 
1942, McCov 5973 (FSU). MORGAN CO., Bradford Estate, 29 
Jul 1952, Matsuname 281 (UNC). PARKE CO., Turkey Run 
State Park, 28 Jul 1973, Sealer 7803 (NLU). WAYNE CO., 
Along trail of White Water Gorge in Richmond, 8 Jun 1981, 
Lewis and Eller 3225 (NLU). MIDDLESEX CO., Weedy lot on 
E side of hwy 99, N of Cromwell, 19 Aug 1983, Nelson and
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Wnek 2828 (FLAS). WINDHAM CO., Woodstock, 13 Sep 1970,
Sevmour 29645 (MO).
IOWA: ALLAMAKEE CO., Near Union City, 18 Aug 1933,
Tolstead s.n. (MO; TEX). BLACK HAWK CO., No locality,
21 Jul 1929, Burk 692 (MO). CLAYTON CO., N of Marquette, 
13 Aug 1927, Shimek s.n. (MO). DECATUR CO., No 
locality, 25 Aug 1904, Anderson s.n. (MO). DICKINSON 
CO., Border of woods, Okobaji, Aug 1901, Shinek s.n.
(MO). FRANKLIN CO., Hampton, 7 Sep 1903, Whithed 2346 
(OSC). GUTHRIE CO., Bear Grave TWP, 30 Aug 1952, Fay 
2133 (UC). JACKSON CO., In meander scar of the 
Maquoketa River, 4 Sep 1957, Cooperrider 4162 (UNC). 
JOHNSON CO., Iowa City, s.d. Hitchcock s.n. (MO). POLK 
CO., Elkhart TWP, 29 Jul 1957, Bruaaen 3302 (UC). STORY 
CO., Near High School Prairie in Ames, 27 Aug 1969, 
Davidson 1957 (M0). UNION CO., Afton Junction, 27 Jul
1923, Shimek s.n. (MO). WARREN CO., Jefferson TWP, 16 
Aug 1956, Bruqqen 1135. (FLAS).
ARKANSAS: CHEROKEE CO., 0.5 mi S Riverton, bank of
Spring River, 3 Sep 1982, McGregor 33760 (GA). CLAY CO., 
No locality, 23 Aug 1888, Schaffner s.n. (OSC). DOUGLAS 
CO., 3 mi SE of Baldwin City, 26 Aug 1959, McGregor 
15063 (SMU; UNC; US). FRANKLIN CO., 5 mi SE Rantoul, 4 
Sep 1956, McGregor 12715 (GH).
KANSAS: POTTAWATOMIE CO., Manhattan, 27 Aug 1892,
Norton s.n. (MO).,
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KENTUCKY: BELL CO., Cumberland Gap, near Martins
Fork Cabin, 16 Aug 1974, Hinkle 48232 (TENN). BRACKEN 
CO., Meldahl Dam, ca. 2.5 mi E of Foster on hwy 8, 27 
Jul 1983, Buddell 2284 (UNC). CALLOWAY CO., Near the W 
fork of the Clark River, on hwy 1386, 2 mi N of the jet 
of hwy 121, 6 Aug 1974, Funk 859 (MO)., CAMPBELL CO., 
Along hwy 10 ca. 3 mi S of Alexandria, 7 Aug 1983,
Buddell and Thieret 1414 (UNC). CLARK CO., Floodplain 
of Jonett Creek, 29 Aug 1955, Beckett 982 (GH). FULTON 
CO., Railroad right-of-way N of Fulton, 21 Jul 1962, 
Windier and O'Dell 1130 (UNC). HARLAN CO., Near Poor 
Fork Post Office, Aug 1893, Kearney 324 (MO-2; OSC). 
LATCHER CO., Lilley Cornett Woods, Appalachian 
Ecological Research Station, SW of Whitesburg, Sole 442 
(UNC). LIVINGSTON CO., Gum Springs on hwy 453, 6 Sep 
1973, Athev 2555 (UNC). MCCRACKEN CO., Heath, Massae 
Creek on hwy 725 E of Bradford Rd., 31 Jul 1977, Athev 
3775 (FSU). MARSHALL CO., Creek banks at jet of hwy 
1422 and US 641 near Tatumsville, 20 Aug 1978, Athev 4209 
(FSU). MERCER CO., Kentucky River cliffs from the mouth 
of Cedar Branch to 15 km downstream, 18 Sep 1978, Varner 
11661 (NLU; TENN). PENDLETON CO., Along Licking River 
in Falmouth, 22 Jul 1983, Budell 1292 (UNC). PIKE CO., 
Fishtrap Dam, 9 Aug 1982, L e w  s.n. (UNC). TAYLOR CO., 
Below Sulphur Spring near Green River, 2 mi N of Coburg,
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19 Oct 1959, Gibson and Watson 392 (F) . WOODFORD CO., 
Cane Creek, Arlington, 20 Aug 1923, Anderson and 
McFarland 179 (MO).
LOUISIANA: EVANGELINE PARISH. Woods near LA 
arboretum on hwy 3042 N of Ville Platte, 22 May 1986, Cox 
et al. 4790 (LSU) . RAPIDES PARISH. Woods beside USFS 
road 231A at the old Magnolia Nature Trail in Kisatchie 
Nat. Forest, 8 Oct 1977, Thomas and Schutz 55933 (NLU). 
WEST FELICIANA PARISH. Creek and road bank near the New 
Canan Baptist Church, NE of St. Francisville, 17 Jul 
1986, Cox et al. 4922 (LSU).
MAINE: UNKNOWN CO., no data, Blake s.n. (F) .
MICHIGAN: BARAGA CO., Ford Forestry Center, 1 Sep
1973, Bourdo 27123 (NLU). CHIPPEWA CO., Along hwy M-123 
between St Ignace and Trout lake, 27 Aug 1953, Kucrel s.n. 
(MO). MARQUETTE CO., Bank of E branch of the Escanaba 
River, Gwinn, 29 Jul 1908, Harrison s.n. (GH). OCEANA 
CO., Cedar swamp 2 mi E of Crystal Valley, near the 
Manistee Natl. Forest, 24 Jul 1977, Mustard 607 (NLU). 
OTTAWA CO., Millhouse Bayou, Grand Haven Turf, 23 Aug 
1940, Bazuin 2048 (F) . WASHTENAW CO., Marsh near the 
Huron River ca. 1 mi N of Ann Arbor, 20 Aug 1936, Hermann 
8380 (MO).
MINNESOTA: CHIPPEWA CO., Edge of Minnesota River,
Lagoon Park, NW edge of Montevideo, 1 Sep 1972, Taylor
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and Taylor 12250 (NLU). CHISAGO CO., Lindstrom, Aug 
1892, Tavlor s.n. (MINN). CLAY CO., Bluestem Prairie, 13 
mi E of Moorehead, 29 Jul 1980, Severson 606 (MINN). 
CLEARWATER CO., Chambers Creek, 18 Aug 1929, Grant 311 
(US). HENNEPIN CO., 4 mi E of Delano along railroad, 31 
Aug 1972, Tavlor and Tavlor 12242 (NLU). HOUSTON CO., 
Island 16, in Mississippi River, 1 Aug 1975, Ziegler et 
al. 2168 (MO). KITTSON CO., Near W line section 3, 
Richardville TWP, 9 Aug 1939, Moore and Moore 11610 
(MINN). No locality, Aug 1900, Ballard 2660 (MINN). LAKE 
CO., Along hwy 61, near Little Marais, 17 Aug 1941,
Lakela 4781 (SMU; UC). PINE CO., St. Croix Natural 
Area, 21 mi E of Hinckley, 13 Aug 1980, Converse 598 
(MINN). RICE CO., Nerstrand Woods, 22 Sep 1947, Merrell 
s.n. (MINN). SHERBURN CO., Clear Lake, Mississippi 
Scenic and Recreational River, 12 mi SE of St. Cloud, 21 
Aug 1979, Lustia 981 (MINN). STEARNS CO., St. Cloud, Sep 
1892 Sewart s.n. (MO). SWIFT CO., Appleton Lake shore,
15 Sep 1950, Moore 20863 (MINN). WRIGHT CO., W bank of 
the Mississippi River near the confluence with Crow 
River, W of Dayton, 23 Aug 1980, Smith 3476 (MINN).
MISSISSIPPI: ADAMS CO., US 61 just N of the Adams- 
Wilkinson Co. line, 16 Sep 1967, Temolv 7051 (GA) .
ALCORN CO., No locality, 19 Jul 1899, Eqgert s.n. (MO). 
CLAY CO., No locality, 24 Aug 1978, Rogers 45620 (TENN).
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HINDS CO., Along small creek, 5.0 mi W of Mississippi 
College, 1 Aug 1966, Temple 3691 (UNC). LAUDERDALE CO., 
Along Allen Creek S of Chunky and 1-20, 12 Jul 1978, 
Rogers 45319 (TENN). LEAKE CO., Natchez Trace Parkway, 
25 Aug 1946, McKouaall 1095 (US). MARSHALL CO.,
Coldwater River swamp 4.8 mi SW of Benton-Marshall Co. 
line, on hwy 7, 25 Jun 1967, Temple 5696 (GA).
MONTGOMERY CO., Bogue Creek bottomland and adjacent
deciduous slopes, 1.3 mi W of Alva, 5 Jul 1966, Temple 
3349 (GA; UNC). OKTIBBEHA CO., 2.5 mi NE of Sturgis, 8 
Oct 1977, Brooks and McDaniel 564 (FSU; UNA). PRENTISS 
CO., S side of hwy 366, 3.7 mi from Baldwyn, 7 Aug 1967, 
Temple and Temple 6220 (GA). RANKIN CO., Hwy 18, 7.4 mi 
SE of Branden, 11 Oct 1968, Temple 10727 (GA). SCOTT 
CO., Roosevelt State Park near Morton, 29 Sep 1967, 
Temple 7355 (GA). SIMPSON CO., Along US 49, 1 mi S of 
jet with hwy 28 at Magee city limits, 13 Sep 1981 Sauleda 
6703 (GA). SMITH CO., Leaf River on hwy 18, 5.7 mi E of
Raleigh, 11 Oct 1968, Temple 10778 (GA). TISHOMINGO CO.,
Above Bear Creek in Tishomingo State Park, 24 Jul 1967, 
Temple 6120 (GA). UNION CO., Hwy 30, 12.3 mi SW of new 
Albany, 18 Jul 1966, Temple 6102 (GA).
MISSOURI: ATCHISON CO., Tributary to Nishnabatua
River, 2.5 mi SE of Watson, 15 Oct 1957, Stevermark 85701 
(GA). BARRY CO., Roaring River, 1898, Trelease 917 (MO).
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BATES CO., 2.6 mi W of H and K road on road H, 17 Aug 
1975, Castaner 4397 (MO). CAPE GIRARDEAU CO., Apple 
Creek, near US 61, 13 Oct 1967, Thomas et al. 5806 (NLU). 
CHARITON CO., No locality, 9 Oct 1933, Bush 13137 (MO). 
DOUGLAS CO., Beside White River and hwy 14 at Twin 
Bridges, 28 Jul 1969, Thomas et al. 15782 (NLU).
FRANKLIN CO., Road to gravel bar, Gray Summit, 7 Aug 
1937, Anderson 670 (MO). GENTRY CO., Along E fork of 
Grand River about 3 mi NW of Albany, 29 Aug 1934, 
Stevermark 15005 (LL; MO). HARRELL CO., Pine Grove road 
off hwy 76, 5 mi W of Willow Springs at Indian Creek, 13 
Sep 1969, Clement and Reynolds s.n. (NLU). JACKSON CO., 
No locality, 26 Aug 1893, Bush s.n. (MO). JASPER CO., 
Alluvial valley of Spring River near Forest Mill, 24 Sep 
1924, Palmer 26268 (GH). JEFFERSON CO., Below St. Peter 
sandstone bluffs near Meramac River about 7 mi SE of 
Pacific, 4 Sep 1927■stevermark 893 (MO). LAWRENCE CO.,,
E edge of Pierce City, N of hwy 37, 8 Aug 1973, Thomas et 
al. 36414 (NLU). MACON CO., Along E fork of Chariton 
River, 2 mi NE of Ardmore, 15 Sep 1954, Stevermark 77348 
(SMU). MADISON CO., Mine La Motte, Sep 1897, Russell 
s.n. (MO). MARION CO., Bear Creek, Hannibal, 28 Sep 
1914, Davis 3186 (MO). MCDONALD CO., Noel, 2 Sep 1913, 
Palmer 4066 (MO). MORGAN CO., No locality, 17 Sep 1934, 
Bush 13937 (MO). OZARK CO., Bank of N fork of White
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River, NE of Tecumseh at Althaea Springs, 25 Jul 1972, 
Thomas 31533 (NLU). PETTIS CO., No locality, 17 Sep 
1934, Bush 13954 (MO). PULASKI CO., Gasconade River,
1.5 mi E of Mossy Spring, 4.5 mi NE of Waynesville, 26 
Aug 1937, Stevermark 25404 (MO). RALLS CO., Bear Creek, 
near Oakwood, 28 Sep 1914, Davis 3278 (MO). SHANNON CO., 
Along Jacks Fork River ca. 4 mi SW of Alley Springs, 19 
Jul 1969, Red fern et al^ 719 (MO). SHANNON CO., Along 
Current River, SE of Juction Ferry, 4 Oct 1969, Redfearn 
et al. 1754 (UNC). ST. CHARLES CO., No locality, 21 Sep 
1916, Davis 4727 (MO). ST. FRANCIS CO., St. Francis 
State Park, 25 Jul 1978, Cabush 772 (MO). ST. LOUIS CO., 
Forest Park, 28 Aug 1877, Eqqert s.n. (MO-2). SWAIN CO., 
No locality, 24 Sep 1899, Bush 508 (MO). TEXAS CO.,
Jacks fork of Current River 4 mi SE of Arrall, 15 Aug 
1934, Stevermark 14559 (MO). VERNON CO., Duncan Creek, 
branch of Little Osage River W of Amos, 4 Oct 1936, 
Stevermark 20322 (MO). WORTH CO., Margin of small 
stream along hwy 46 about 4.5 mi E of Grant City, 31 Jul 
1968, Henderson 68-686 (FSU).
NEBRASKA: CASS CO., Sandy river bottoms of the Platt 
River, Louisville, 30 Aug 1966, Demaree 54203 (NLU). 
CUMING CO., 1 mi NE of West Point on gravel road, 23 Aug 
1974, Churchhill 4144 (NLU). FRANKLIN CO., 1 mi W of 
Naponee Ravine, 30 Aug 1965, McGregor 19547 (UC). HALL
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CO., Near Grand Island, 28 Aug 1943, Kiener 15093 (F).
NEW HAMPSHIRE: COOS CO., Jefferson, 23 Aug 1955, 
Pease 38116 (UNC). SULLIVAN CO., Lempster, 20 Aug 1963, 
Sevmour 20932 (MO-3).
NEW JERSEY: ESSEX CO., Springfield, Jul 1879,
Rusby s.n. (MO). HUNTERDON CO., Round Valley Reservoir, 
18 Jul 1974, Moldenke and Moldenke 28665 (LL). PASSAIC 
CO., Stockholm, 15 Aug 1895, Van Sickle s.n. (US).
SALEM CO., Along Delaware River about 0.75 mi S of Penus 
Grove, 23 Aug 1935. Fogg 9485 (MO). SOMERSET CO., No 
locality, 3 Sep 1937, Perry s.n. (MO). SUSSEX CO., 
Franklin, Aug 1879, Rusbv s.n. (MO). UNION CO., 
Westfield, 15 Aug 1970, Moldenke and Moldenke 25114 (LL) .
NEW YORK: ALBANY CO., E. N. Huyck Preserve,
Rensselarerville, about 0.5 mi SW of of Lincoln pond 
cottage, 6 Aug 1954, Russell 86545 (TENN). OSWEGO CO., 
Near Springfield, 7 Aug 1948, House 31674 (GA). ULSTER 
CO., Ellenville, 1885, Shrenk s.n. (MO). WESTCHESTER 
CO., Grassy Sprain, Yonkers, 4 Aug 1938, Weber 1049 
(COLO-2).
NORTH CAROLINA: MACON CO., Shope Creek about 0.25 mi 
above Coweeta Exp. Forest Station, 18 Aug 1938, 
Hechenbleikner s.n. (UNC). MADISON CO., 0.9 mi NW of 
jet US 19 and 23 on US 23, NNE of Mars Hill, 14 Jul,
1958, Ahles 46306 (UNC).
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NORTH DAKOTA: CASS CO., No locality, 19 Aug 1933,
Eastevich s.n. (GA). GRAND FORKS CO., University of 
North Dakota River Reserve, 5 km NW of Inkster, 11 Aug 
1983, Crosbv 14717 (GA; MO). RICHLAND CO., Cheyenne
Natl. Grasslands, near 4-H camp, 6 Aug 1983, Croat 56891 
(MO). WALSH CO., 1 mi N, 3 mi E Park River, 1 Aug 1973, 
Larson 3469 (MO).
OHIO: ADAMS CO., Blue Creek, Scioto Co line, 12 Aug 
1934, Demaree 19812 (MO; SMU). ASHLAND CO., Hanover
TWP, Clear Fork of Mohican River, in Mohican State Park,
6 Aug 1960, Herrick s.n. (OSC). ATHENS CO., Hocking
River, Athens State Hospital Grounds, 27 Sep 1962,
Phillis s.n. (NLU). ASHTABULA CO., No locality, Jul 
1892, Boque s.n. (OSC). BELMONT CO., Flushing TWP hwy 
331, 1 mi SE from Harrison Co. line, 13 Aug I960, Herrick 
s.n. (OSC). CARROLL CO., Fox TWP, hwy 524, 0.8 mi NW of 
Jefferson Co. line, 13 Aug 1960, Herrick s.n. (OSC). 
CHAMPAIGN CO., Cedar Swamp, 4 mi S of Urbana, 24 Sep 
1964, Frederick 675 (OSC). CLERMONT CO., Loveland, 1 
Sep 1878, James s.n. (OSC). CLINTON CO., 1.5 mi NE of 
Clarksville, 12 Sep 1952, Terrell s.n. (OSC). COLUMBIANA 
CO., 1 mi NE of Teegarden, along Middle Fork of Little 
Beaver Creek, 14 Aug 1960 Herrick s.n. (OSC). COSHOCTON 
CO., Along Mill Creek, N Appalachian Experimental 
Watershed near Coshocton, 28 Jul 1942, Moldenke 13384
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(OSC). CRAWFORD CO., S side hwy 30, 0.2 mi E of hwy
182, 2 Aug 1962, Herrick s.n. (OSC). CUYAHEGA CO.,
Rocky River, Lakewood, 14 Sep 1902, Stair s.n. (OSC). 
DARKE CO., Stillwater River, 15 Sep 1956, Canuo and 
Weishaupt s.n. (OSC). DEFIANCE CO., Hicksville TWP, S 
fork of Gordon Creek, 7 Sep 1956, Gilbert s.n. (OSC). 
DELAWARE CO., Roadside ditch of US 36, 1.9 mi E of jet I- 
71 W of Sunbury, 13 Aug 1987, Cox et al. 5242 (LSU).
ERIE CO., 5 mi NW of Castalia, S side of Sandusky Bay,
24 Aug 1972, Johnson 217 (OSC). FAIRFIELD CO., Berne
TWP. 1 Sep 1935, Goslin s.n. (OSC-2). FAYETTE CO., E
side of Paint Creek, N of Rock Mills, between Rock Mills 
and Rock Bridge, 30 Aug 1962, Weishaupt s.n. (OSC). 
FRANKLIN CO., Olentangy River, Columbus 11 Aug 1890, 
Hine s.n. (OSU). GALLIA CO., Hwy 141, at Creek, 0.6 mi 
E of Lawrence Co line, 11 Aug 1962, Herrick s.n. (OSC). 
GEANGA CO., Geanga Lake, 22 Aug 1903, Jennings s.n. 
(OSC). GREENE CO., Beaver Creek, 12 Aug 1904, Horlacher 
s.n. (OSC). GUERNSEY CO., Hwy 21 at swamp at railroad, 
0.5 mi N of hwy 146, 12 Aug 1960, Herrick s.n. (OSC). 
HANCOCK CO., Near Lye Creek, 19 July 1957, Weishaupt 
s.n. (OSC). HARRISON CO., 0.25 mi SW of Freeport at hwy 
10, 12 Aug 1960, Herrick s.n. (OSC). HENRY CO., Maumee 
River, about 2 mi NE of Napoleon, 6 Sep 1956, Weishaupt 
s.n. (OSC). HIGHLAND CO., Sinking Springs, 27 Sep 1935,
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Demarree 11581 (MO). HOCKING CO., Conkles Hollow State 
Park, 16 Aug 1971, Noblick 605 (OSC). HOLMES CO., 
Roadside ditch along hwy 83, 0.6 mi S of jet US 62 S of 
Millersburg, 13 Aug 1987, Cox et al. 5252 (LSU) . HURON 
CO., Near W Clarksfield, 27 Aug 1965, Jones s.n. (OSC; 
UNC). JACKSON CO., Liberty TWP. 29 Jul 1934, Bart lev 
and Pontius s.n. (OSC). JEFFERSON CO., Hwy 150 at 
Creek, 2 mi E of Mt Pleasant, 13 Aug 1960, Herrick s.n. 
(OSC) . KNOX CO., 2 mi N of Brinkhaven on W side of 
Mohican River, 11 Aug 1960, Herrick s.n. (OSC). LAKE 
CO., Hwy 174 at creek, 0.25 N of Cuyohoga Co. line, 21 
Aug 1960, Herrick s.n. (OSC). LAWRENCE CO., Hwy 75, 2.5 
mi N of hwy 141, 3 Aug 1960, Herrick s.n. (OSC). LICKING 
CO., Hwy 62 at Licking River, 0.25 mi W of Utica, 11 Aug 
1960, Herrick s.n. (OSC). LOGAN CO., Lewistown 
Reservior, 23 Aug 1897, Killerman and Beattie s.n.
(OSC). LORAIN CO., Near intersection of Jones and 
Foster Rds., tributary of E Branch Black River, 21 Sep 
1971, Roberts 2129 (OSC). LUCAS CO., Toledo, Sep 1900, 
Burqlehaus s.n. (OSC). MADISON CO., Little Darby flood 
plain, 22 Feb 1946, Beatlev s.n. (OSC). MAHONING CO., 
Yellow Creek, N side hwy 224, E side Yellow Creek at 
Poland, 14 Aug 1960, Herrick s.n. (OSC). MEDINA CO.,
YMCA camp, E branch of Rocky River, 11 Aug 1957, Herrick 
s.n. (OSC). MIAMI CO., Ludlow Falls, 15 Aug 1903,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 6 2
Harbacher s.n. (OSC). MEIGS CO., Bedford TWP, 17 Sep 
1935, Jones s.n. (OSC). MONROE CO., Hwy 7, 0.5 mi E,
Lee TWP, 12 Aug 1968, Cusick 8772 (UNC). MORGAN CO., N 
of beach area at Burr Oak Lake State Park, 2 Aug 1960, 
Herrick s.n. (OSC). Along hwy 669, N of McConnelsville, 
25 Aug 1955, Canup and Weishaupt s.n. (OSC). MORROW CO., 
Edge of lake in Mt. Gilead lake State Park, 1 Aug 1962, 
Herrick s.n. (OSC). MUSKINGUM CO., Riverbank at Blue 
Rock, hwy 77 at hwy 340, 1 Aug 1960, Herrick s.n. (OSC). 
NOBLE CO., Field along hwy 78, 4 mi W of Sharon, 16 Sep 
1955, Weishaupt s.n. (0SC-2). OTTAWA CO., Hwy 53, 0.9 
mi NE of hwy 12, 18 Aug 1962, Herrick s.n. (OSC). PERRY 
CO., E side hwy 668 at railroad at Junction City, 20 Aug 
1963, Herrick s.n. (OSC). PICKAWAY CO., Walnut TWP, 15 
Aug 1895, Kellerman s.n. (OSC). PIKE CO., Old Ohio-Erie 
Canal, 27 Sep 1935, Demaree 11562 (MO; OSC). PORTAGE 
CO., S periphery of Asbury Fen, floodplain of Eagle 
Creek, E of Mill Pond, 26 May 1978, Andreas 2461 (US). 
RICHLAND CO., Mansfield, 15 Aug 1895, Wilkinson, s.n. 
(OSC—2). ROSS CO., Chillicothe, 12 Aug 1898, Kellerman 
s.n. (OSC). SANDUSKY CO., Portage River, ca. 1.5 mi SW 
of Woodville, 9 Sep 1967, Stuckev 5763 (OSC). SENECA 
CO., Sandusky River, ca. 1 mi N of the N edge of Tiffin, 
4 Sep 1967, stuckev 5549 (OSC). SHELBY CO., Great Miami 
River, dead end of Clem Rd., 7 Sep 1978, Cusick 18781
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(OSC). STARK CO., Canton, 1900, Case s.n. (OSC).
SUMMITT CO., Hwy 14, 0.5 mi SE of Twinsburg, 25 Jul 
1955, Herrick s.n. (OSC). TUSCARAWAS CO., Hwy 8, 0.2 mi 
S of hwy 212, 12 Aug 1960, Herrick s.n. (OSC). VINTON 
CO., Hwy 349 at creek 0.25 mi N of Lake Alma, 13 Aug 
1962, Herrick s.n. (OSC). WAYNE CO., Near Orrville, 4 
Sep 1899, Duvel 1231 (OSC). WILLIAMS CO., 1 mi E of 
Pioneer, 7 Sep 1956, Gilbert s.n. (OSC). WOOD CO., New 
Rochester, 30 Jul 1958, Easterly 902 (OSC). WYANDOT CO., 
Hwy 231 at Sandusky River, 1 mi N of hwy 294, 2 Aug 1962, 
Herrick s.n. (OSC).
OKLAHOMA: CHEROKEE CO., Barren Fork River at Camp
Eagan, 11 Sep 1976, Taylor and Taylor 23579 (NLU-2). 
DELAWARE CO., No locality, Sep 1936, Bush 15808 (MO).
JOHNSTON CO., Blue River at large spring, 0.5 mi N and
0.5 mi E of Connerville, 25 Jul 1977, Tavlor and Wright
24969 (TENN) . McCURTAIN CO., Beaver Bend State Park,
along Cedar Bluff Mt, 10.5 mi N of Broken Bow, 27 Oct 
1979, Brilev 292 (NLU). OTTAWA CO., Spring River near 
Ottawa, 29 Aug 1913, Stevens 2546 (MO) .
PENNSYLVANIA: ADAMS CO., N branch of Conewago Creek
at 6 mi N of Gettysburg on hwy 34, 23 Aug 1975,Laird and 
Laird 1640 (NLU). BEDFORD CO., 1.5 mi NW Of Breezewood, 
31 Aug 1946, Berkheimer 7920 (OSC) . BEAVER CO., Along 
Brush Creek, 2.5 mi ESE of Unionville, 12 Aug 1954, Wahl
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14905 (SMU). BUTLER CO., Slippery Rock, Creek Island, 
Christley's Mill, 31 Jul 1946, Russell 2385 (SMU). 
CLEARFIELD CO., Along Caledonia Pike, 4.6 mi W of 
Karthaus, 7 Aug 1957, Ehrle and Wahl 3119 (UNC).
COLUMBIA CO., Near Heller's Chruch, 6 mi W of Buckhorn,
2 Aug 1926, Heller 14191 (MO). DAUPHIN CO., Beaver 
Creek below hwy 88, 21 Sep 1980, Plowman 10302 (F). 
FAYETTE CO., Ca. 30 mi NNW of Malcroft on hwy 381-711,
27 Aug 1982, Utech 82-387 (NLU). FULTON CO., Licking 
Creek, Dickeys Mt., 16 Aug 1954, Westerfeld 11658 (UNC). 
LEHIGH CO., E side of Creek ca 1 mi N by NE of Centre 
Valley P.O., 9 Aug 1914, Pretz 7046 (UNC). NORTHAMPTON 
CO., Ca. 0.75 mi SE of Katellen, 21 Aug 1940, Schaeffer 
10712 (TEX). PERRY CO., 2 mi S of Liverpool, 12 Sep 
1955, Westerfeld 18464 (UNC). TIOGA CO., Elk Run, 8 Aug 
1982, Wible 614 (AA). WARREN CO., Irvin Demon, near 
Irvine Run Rd. railroad crossing, 21 Jul 1960, Oldav 91 
(RM) .
SOUTH CAROLINA: ABBEVILLE CO., Near Savannah
River 2.8 mi SW of Calhoun Falls, 13 Oct 1957, Radford 
30744 (UNC). ALLENDALE CO., County rd 26, 0.7 mi N of 
jet county rd 41, 11 Sep 1956, Bell 5156 (UNC). CHEROKEE 
CO., 0.5 mi SW of jet county rd 110 and 39 on 110 W of 
Gaffney, 18 Sep 1957, Ahles 34351 (UNC). CHESTERFIELD 
CO., Lynches River near US 601, SW of Pageland, 29 Sep
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1956, Radford 18820 (UNC). DARLINGTON CO., Near 
Williamson Park at Darlington, 14 Sep 1941, Smith 1790 
(UNC). GREENWOOD CO., Rocky Creek, 3.5 i NE of 
Greenwood, 3 Sep 1957, Radford 29095 (UNC). LANCASTER 
CO., 2 mi SW of Lancaster on hwy 22, 20 Sep 1957, Ahles 
34688 (UNC). McCORMICK CO., E side of Stevens Creek 
about 2 mi E of Plum Branch, 5.5 mi SE of McCormick, 19 
Sep 1949, Duncan 10431 (GA). OCONEE CO., Confluence of 
White-water River and Devils' Fork, 25 Aug 1965, Powell 
65-86 (UNA). YORK CO., Bullocks Creek on hwy 907 SW of 
Sharon, 19 Sep 1957, Ahles 34396 (UNC-2).
SOUTH DAKOTA: BROOKINGS CO., Sioux River, 11 Aug 
1892, Thornber s.n. (MO). DEUEL CO., 1 mi SW of Gary by 
the branch of the Lac qui Parle River, 19 Aug 1968, Halse 
s.n. (OSC).
TENNESSEE: CHEATHAM CO., Big Marrowbone Creek, 
Ashland City, 19 Aug 1964, Demaree 51094 (COLO; SMU). 
GRUNDY CO., Mouth of Savage Gulf, Savage Gulf Natural 
Area, 16 Aug 1977, Wofford 77-253 (TENN). HAWKINS CO., 
Near Laurel Branch, 16 Aug 1955, Wolfe s.n. (TENN).
MARION CO., Gorge of Pocket Creek, 21 Oct 1956, Shanks 
et al. 21686a (TENN). MONTGOMERY CO., Fosters Cave, 2 
Aug 1979, Chester 4174 (TENN). STEWART CO., E of hwy 49 
along Bear Creek near entrance to Land Between the Lakes, 
2 Aug 1974, Wofford s.n. (TENN).
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TEXAS: JASPER CO., 2.5 mi S of Jasper, Walnut Run 
Creek, 29 Jul 1956, Shinners 24225 (SMU).
VERMONT: BENNINGTON CO., Battenkill River, near hwy 
313, 29 Jul 1975, Marshall 907 (UNC). WINDSOR CO., 
Ludlow, 14 Aug 1975, Knowlton s.n. (MO).
VIRGINIA: BUCHANAN CO., Hwy 211, 1.2 mi N of 
Buchanan, 23 Aug 1952, Perdue 1355C (FSU-2). LOUDOUN 
CO., Goose Creek on county rd 621 near Evergreen Mills, 
11 Sep 1965, Ahles 61514 (UNC).
WEST VIRGINIA: JACKSON CO., Roadside and creekbank
of Rippling Waters Church of God Campground on Middle 
Fork Rd, N of Charleston, 14 Aug 1987, Cox et al. 5270 
(LSU). SMYTH CO., Hogtrough Creek, base of Iron Mt., 8 
Aug 1892, Small s.n. (MO). SUMMERS CO., Shankleins 
Ferry, Bluestone Reservoir, 9 Sep 1967, Phillips s.n. 
(SMU). TUCKER CO., Near banks of Cheat River, 9 Sep 
1904, Moore 2057 (LL).
WISCONSIN: La CROSSE CO., By Black River, 7 Aug 
1956, Hartley and Peterson. 2051 (SMU). LINCOLN CO., No 
location, 18 Aug 1956, Schilisinq and Schilisinq 569 
(MO). ST CROIX CO., ARC River bank, Apple Rain Canyon,
2 mi upstream with jet of St Croix River, Russell s.n. 
(MINN).
2. R. laciniata L. var. ampla (Nels.) Cronquist, 
Vascular PI. Pacific NW. 5:280. 1955. TYPE: WYOMING,
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Cotton Wood Canon, 5 Aug 1885, Nelson 1575 (holotype:
RM!? isotype GH!; paratype F!). Rudbeckia ampla Nels., 
Bull. Torr. Bot. Club 28: 234. 1901. Rudbeckia laciniata 
L. ssp. amnia (Nels.) Weber, Phytologia 51:375. 1982. 
Obeliscotheca amnia (A. Nels.) Nwd. & Lunell, Am. Midland 
Nat. 5:62. 1917.
Distribution: Abundant in wet areas along streams 
and open meadows at high elevations above 6000 ft 
elevation in the Central Rocky Mountains from New Mexico 
and Arizona north to Idaho. Representative specimens: 
CANADA: BRITISH COLOMBIA, Cultivated, 8 Sep 1941, 
Nelson and Nelson 4951 (RM).
UNITED STATES: ARIZONA: APACHE CO., Along Bog Creek 
on AZ hwy 2 60, 5.8 mi E of McNary on the White Mt. Apache 
Indian Reservation, 6 Aug 1989, Cox et al. 5338 (LSU). 
COCHISE CO., At spring, Miller Canyon Trail, Huachuca 
Mts., 13 July 1940, Ferris 10030 (UC). COCONINO CO., 
Along streams, Oak Creek Canyon south of Flagstaff, 16 
Jul 1944, Clark 12032 (GH; RM). GILA CO., Along stream 
bed in Workman Creek Canyon, Sierra Ancha Mts., 11 Aug 
1946, Gould 3650 (LL; UC-2). GRAHAM CO., Wet canyon 
campgrounds in Penaleno Mts., 18 Jun 1966; Moore et al. 
6360 (UNC). GREENLEE CO., Wet, rocky clay soil along 
Beaver Creek, 1.5 mi N of Sprucedale, White Mts., 30 Aug 
1951, Parker and McClintock 7645 (M0). NAVAJO CO., Wet
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 6 8
meadows beside AZ hwy 27 0, 1.0 mi S of Hon Dah and AZ hwy 
270, 9 Aug 1989, Cox et al. 5346 (LSU). PIMA CO., Pine- 
Fir forest, Bear Wallow, Mt Lemmon, Catalina Mts., 31 Aug 
1978, Yatskiewch 78-739 (UNC).
COLORADO: ARCHULETA CO., Park below Wolf Creek Pass,
San Juan Nat. Forest, 13 Aug 1924, Eggleston 20543 (MO). 
BOULDER CO., Boulder Canyon below Tungsten, 27 Jul 1940, 
Ewan 12231 (F; UC). CLEAR CREEK CO., Banks of Chicago 
Creek W of Idaho Springs, 4 Aug 1942, Ehlers 8472 (COLO; 
SMU). COSTILLA CO., 2 mi E of Russell, 1 Sep 1942, 
Ginter 9178 (RM). DELTA CO., Jet. CO hwy 265 and 133, E 
Muddy Creek near Buck Creek mouth, 21 Aug 1981, 
Siplivinskv 2172 (COLO; NLU). DOUGLAS CO., Wet meadow 
15 mi SW of Sedalia on road to Perry Park, 18 Jul 1948, 
Weber s.n. (COLO). DOLORES CO., Along wet rocky 
roadside above the Dolores River on CO hwy 145 NW of 
Rico, 3 Aug 1989, Cox et al^ 5336 (LSU). EAGLE CO.,
Holy Cross Forest, Salt Creek, 25 Jul 1932, Brown E-4 
(RM). EL PASO CO., Reservoir Canyon, W of Palmer Lake, 
23 Aug 1924, Bacjgalupe 957 (GH). GARFIELD CO., Along 
stream at Glenwood Spring, 1.0 mi E of jet. of CO hwy 107 
and 82, 20 Jul 1935, Maguire 12506 (UC). GRAND CO., 12 
mi NW of Granby on CO hwy 125, 31 Aug 1961, Douglas 61- 
590 (COLO). GUNNISON CO., Erikson Springs on 
Anthralevel, 25 Jun 1938, Read E-339 (RM). HUERFANO CO.,
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1900, Berwind s.n (RM). JEFFERSON CO., Gardens, 
located at jet. of hwy 75 and Deer Creek Road, 30 Aug 
1981, Winaate 1084 (COLO). LAPLATA CO., Abundant along 
the Durango-Silverton Narrow gauge Railway, 5.3 mi S of 
Hermosa Creek N of Durango on US hwy 550, 2 Aug 1989, Cox 
et al. 5333 (LSU) . LARIMER CO., Big Thompson Canyon 
along US 34 near Drake, 8 Aug 1984, Urbatsch 3654 (LSU- 
2). LOS ANIMAS CO., Along 1-25, S of Trinidad, 5 mi N 
of NM border, 5 Aug 1984, Sundberg 2536 (TEX) . MESA CO., 
Plateau Creek Valley above Collbran, 16 Aug 1983, Young 
206 (COLO). MOFFAT CO., 10 mi NE of Craig, Aug 1979, 
Johnson s.n. (COLO). MONTEZUMA CO., Along the Dolores 
River, 0.1 mi N of the Dolores-Montezuma county line on 
CO hwy 145, 3 Aug 1989, Cox et al. 5337 (LSU). MONTROSE 
CO., Black Canyon of the Gunnison Nat. Monument, S rim, 
floodplain of the Gunnison River, 1 Aug 1983, Weber and 
Beck 17002 (COLO). RIO BLANCO CO., White River about
1.5 mi NE of K-T cow camp, 2 Aug 1961, Pint 28 (RM) .
ROUTT CO., Near Haybro on Rt 131, 4 Aug 1947, Beetle 285 
(TEX). SAN MIGUEL CO., Scattered along Leopard Creek on 
CO hwy 62, 6.1 mi NE of Placerville and CO hwy 145, 3 Aug 
1989, Cox et al. 5335 (LSU). WELD CO., New Windsor, 28 
Jul 1896, Osterhout 3889 (RM) .
MONTANA: CASCADE CO., Along Belt Creek N of 
Monarch, 16 Aug 1966, Jones 44575 (MO). GALLATIN CO.,
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Middle Creek Canyon, near mouth, 2 Aug 1927, Swingle s.n. 
(RM). MADISON CO., Near shore of Madison River on Bear 
Trap Canyon Trail, 18 Jul 1979, Lowery 2549 (MO).
MISSOULA CO., Copses of Hellgate River, Bonner, 31 Aug 
1892, Sandberg et al. 970 (GH). PARK CO., Shields River,
N of Wilsall, 24 Jul 1921, Suksdorf 596 (COLO; GH; MO;
RM). STILLWATER CO., Castle Rock fishing access on 
Stillwater River above Beehive, 22 July 1973, Brown and 
Lehto B466-4 (LL; OS). SWEETGRASS CO., Foothills of 
Crazy Mts., 6 Aug 1945, Hitchcock and Muhlick 13330 (GH; 
MO; OSC; RM; UC).
NEW MEXICO; CATRON CO., Mogollon Mts. of Gila Natl. 
Forest (8000 ft), bordering Willow Creek, 5 Sep 1974, 
Schultz and Schultz 1444 (GH). COLFAX CO., Westernmost 
head of Lake Maloya, Sugarite Canyon, 24 Aug 1968,
Correll and Correll 36305 (LL). LINCOLN CO., Along 
Cedar Creek in the Lincoln Nat. Forest, 0.3 mi NW of hwy 
37 and the Ranger Station in Ruidoso, 31 Jul 1989, Cox 
and Cox 5332_ (LSU). OTERO CO., Sleepy Grass picnic 
ground off hwy 82 just E of Cloudcroft, 15 Aug 1989, Cox 
and Cox 5349 (LSU). RIO ARRIBA CO., Wet area along 
ditch on hwy 16, 0.6 mi S of Truchas, 5 Jul 1990, Cox and 
Cox 5353 (LSU). SANDOVAL CO., Fenton Lake on Cebolla 
Creek, 28 Jul 1965, Crutchfield 513 (LL). SAN MIGUEL 
CO., 14 mi N of Pecos, 10 Aug 1967, Turner 5684 (TEX).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 7 1
SANTA FE CO., Valley along Borrego Trail in Sangre de 
Cristo Mts, 0.3 mil N of Hyde State Park (8750 ft), 24 
Jul 1962, Bennett 8110 (F; SMU; TEX). SIERRA CO., In 
and around the S end of the Black Range, Animas Chaves 
Ranch, 13 Jul 1904 Greene 1125 (GH; MO; UNC; UC).
SOCORRO CO., Between Mogollon Ranger Station and Willow 
Creek divide, Gila Nat. Forest, 29 Jul 1920, Eggleston 
16818 (F). TAOS CO., Along swy 518, near the Rio Pueblo 
River, 12.7 mi NW of Tres Ritos, 5 Jul 1990, Cox and Cox 
5358 (LSU).
NORTH DAKOTA: UNKNOWN CO., Pleasant Lake, 5 Aug 
1914, Lunnell s.n. (M0).
SOUTH DAKOTA: LAWRENCE CO., Spearfish Canyon, near 
Savoy, 24 Aug 1963, Jones 36300 (COLO). MEADE CO., Black 
Hills near Ft. Meade, 9 Aug 1887, Forwood 217 (US).
WYOMING: ALBANY CO., 0.4 mi W of Centennial on Rt. 
130 (8080 ft), 11 Aug 1984, Miller and Lowrv 11 (MO).
BIG HORN CO., Lower Canon Creek, 6 Aug 1901, Goodding 490 
(F; GH; MO; UC). CARBON CO., Sierra Madre, N Fork 
Encampment River ca. 4.5 air mi SW of Encampment, 11 Aug 
1985, williams 175 (RM). CROOK CO., Black Hills, Bell 
Fourche River near Mona, ca. 14.5 air mi NNE of Hulett,
29 Aug 1983, Marriot 5875 (RM). JOHNSON CO., Big Horn 
Mts., along creek just off US 16 ca. 5.3 air mi. WSW of 
Buffalo (5500 ft), 20 Jul 1980, Nelson 6695 (RM). LARAMIE
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CO., Canyon below Granite Springs Reservoir (7100 ft), 8 
Jul 1979, Dorn 3309 (RM) . NATRONA CO., Vicinity of Garen 
Creek Falls, Casper Mt. region, 22 Jul 1962, Jozwik 201 
(RM). SHERIDAN CO., Big Horn Mts., red grade road, ca. 
5.2 air mi SW of Big Horn (6500 ft), 4 Aug 1979, Hartman 
10663 (RM). WASKAKE CO., Lower Canon Creek, 6 Aug 1901, 
Goodding 490 (RM). WESTON CO., Black Hills, wet Parmlee 
Canyon near State Line, ca 4.5 air mi SE of four corners, 
4 Aug 1984, Marriott and Horning 8505 (RM).
3. Rudbeckia laciniata L. var. bioinnata Perdue, 
Rhodora 64:329. 1962. TYPE: NEW YORK, TOMPKINS CO.,
Swampy open woods along Mud Creek, valley of Fall Creek 
in Dryden, 10 Aug 1913, MacDaniels and Eames 1293. 
(holotype: GH!).
Distribution: Localized in moist areas at the edges 
of woods and stream banks, New England states south to 
Maryland.
Representative specimens:
CONNECTICUT: HARTFORD CO., Kenny Park, Hartford, 1
Aug 1900, Driqqs s.n. (GH). LITCHFIELD CO., Woodland 
border on Rt 67, just N of county line, 6 Aug 1980, Ahles 
90013 (GA). MIDDLESEX CO., Weedly lot on E side of Rt 
99, N of Cromwell, 19 Aug 1983, Nelson and Wnek 2828 
(FLAS). NEW LONDON CO., Norwich, 30 Jul 1883 Setchell 
s.n. (UC). WINDHAM CO., Woodstock, 13 Sep 1970, Seymour 
29645 (M0).
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DELAWARE: SUSSEX CO., Banks of Rock Creek near 
Georgetown, 22 Sep 1858, Schott s.n. (F).
MARYLAND: ALLEGANY CO., Along Potomac River about 1 
mi S of Picardy, 22 Sep 1969, Downs 9236 (UNC).
FREDERICK CO., Between Potomac River and River Road, near 
the River Road Country Club, 7 Sep 1967, Downs 2596 
(UNC). GARRETT CO., Mt. Lake Park and vicinity on the 
Allegheny Plateau, 24 Sep 1921, Stelle 279 (F; GH). 
MONTGOMERY CO., Along Potomac River ca. 1 mi N of 
Edward's Ferry, 3 Aug 1968, Downs 4365 (UNC). PRINCE 
GEORGES CO., Near Oxon River, 15 Aug 1947, Jones 1305 
(GA). WASHINGTON CO., Alluvial woods along Potomac 
River at Pearre, 29 Sep 1969, Downs 9817 (UNC).
MASSACHUSETTS: BERKSHIRE CO., Brook, Hindsdale, 8 
Aug 1916, Churchill s.n. (MO). FRANKLIN CO.,
Greenfield, Green River thicket, 10 Aug 1916, Ware 6515 
(UNC). ESSEX CO., Old Rd. Chickering Plance, North 
Andover, 24 Jul 1885, Morss s.n. (TENN). HAMPDEN CO., 
Slopes above the Conneticut River, Holyoke, 7 Sep 1926, 
Sevmour 605 (GH; SMU). HAMPSHIRE CO., Huntington (350 
m), 17 Aug 1912, Robinson 569 (GH). MIDDLESEX CO., 
Whaltham, 27 Jul 1901, Rich s.n.. (GH). NORFOLK CO., W 
Stougton, 4 Sep 1916, Blake 6535 (LL-2).
NEW HAMPSHIRE: GRAFTON CO., Havenhill, 8 Sep 1890, 
Kennedy s.n. (GH).
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NEW YORK: BROOME CO., Noyes Island, Millspaucrh 885 
(F). SARATOGA CO., Near Malta, 3 Sep 1933, House 20894 
(TEX). TOMPKINS CO., Cayuga Lake W of the Inlet,
Ithaca, 4 Aug 1915, Eames and macDaiels 5270 (GH).
UNKNOWN CO., Alcove, 31 Jul 1891, Shear 149112. (RM).
PENNSYLVANIA: BUCKS CO., Sellersville, 16 Aug 1882, 
Fretz s.n. (UC). CHESTER CO., Locality unknown, 29 July 
1879, Rothrock s.n. (F). MONTGOMERY CO., Byberry Rd. 
near Station. 20 Jul 1933, Weismer 647 (GH).
WESTMORELAND CO., South Greenburg, 19 Aug 1836, Henry 534 
(F; UC). Below Greensburg's swimming pool, 19 Aug 1936, 
Henry 534 (NLU; UNC; US).
4. Rudbeckia laciniata L. var. diqitata (Mill.) 
Fiori, FI. Anal. Ital. 3:300. 1904. Rudbckia diqitata 
Mill., Miller Garden Dictionary ed. 8, No. 6. 1768. TYPE: 
VIRGINIA? no data! (holotype: BM; Photograph: GH!).
Rudbeckia humilis Gray, Syn. FI. N. Am. 2:262. 1884. 
TYPE: VIRGINIA: CAMPBELL CO., Virginia, Â _ EL Curtiss,
1 Sep 1870 (holotype: GH!).
Distribution: Localized along streams and edges of 
woods in the southeastern United States (Mountain and 
Coastal Plain). It has been noted by Cronquist (1980) 
that these plants with limited geographical distributions 
are more sexual than apomictic; however large colonies do 
exist in alluvial soils along rivers in the Appalachian
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region. Additional field work will be required to 
characterize the reproductive strategy of these 
populations.
Representative specimens:
ALABAMA: LEE CO., Wrights Mill, 17 Oct 1896, Earle 
s.n. (ALU). TALLADEGA CO., Talladega Creek 1 Sep 1877, 
Mohr s.n. (ALU).
GEORGIA: EFFINGHAM CO., On Savannah Rd, 2.8 mi N of 
Clyo, 2 6 Oct 1852, Hardin and Duncan 14726 (GA). LINCOLN 
CO., Along Soap Creek, 2.75 mi N of Lincolnton, 20 Sep 
1949, Duncan 10464 (FLAS; SMU). OGLETHORPE CO., 0.5 mi 
NE of Lexington, 14 Sep 1947, Croncruist 4710 (FLAS; GA; 
GH; MO; SMU; UC).
MARYLAND: BALTIMORE CO., Area of Cromwell Bridge
Road and Gen Arm Road, N of Towson, 24 Aug 1970, Windier 
et a L  3257 (FLAS; FSU; OSC; TENN; UNC; VSC). CARROLL 
CO., Behind field on Springfield State Hosp., 5 Aug 
1971, Burch 109 (VSC).
NORTH CAROLINA: ALLEGHENY CO., New River, NC and VA 
border on US 21, 30 Aep 1979, Seaton and Dovle 424 (UNC). 
ANSON CO., Jones Creek, 3.5 mi SW of Pee Dee on hwy 85, 
21 Sep 1956, Ahles 19299. (UNC). ASHE CO., Bluff Mt. 
(4000 ft), 30 Jul 1965, Tucker 3024 (SMU). AVERY CO.,
2.7 mi N of Ingalls on US 19E, 24 Jul 1958, Ahles 47384 
(UNC). BRUNSWICK CO., Moore's Creek, NW of Southport on
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hwy 303, 10 Sep 1948, Godfrey 48518 (GA; GH) . BUNCOMBE 
CO., Black Mts, 27 Jul 1917, Davis 7806 (MO). BURKE 
CO., 1.4 mi S of Yellow Gap and E of Enola, 9 Sep 1958, 
Bell 15109 (UNC). CALDWELL CO., 3 mi E of Gamewell, 4 
Aug 1956, Radford 14971 (UNC-2). CASWELL CO., Along 
Lynch Creek, hw 86, 8 mi N of Orange Co. liine, 27 Sep 
1957, Duke 0450 (UNC). CATAWBA CO., North Fork Creek,
SE of Bundys crossroads, 8 SEp 1958, Bell 14813 (UNC). 
CHATHAM CO., 0.25 mi down river from Carbonton Dam, 8 
SEp 1955, Houck 743 (UNC). CHEROKEE CO., Along creekbank 
of US 64, 2.5 mi E of TN state line, 18 Aug 1987, Cox et 
al. 5234a (LSU). CLEVELAND CO., Broad River about 4.5 mi 
S of Boiling Springs on hwy 150, 18 SEp 1956, Ahles 19109 
(UNC-2). CRAVEN CO., On Island Creek near Trent River,
7 Oct 1951, Radford 5922 (UNC). CURRITUCK CO., Poplar 
Branch, 31 Jul 1958, Ahles 48196 (OSC-2; UNC-2). DAVIDSON 
CO., 0.2 mi E of Healing Springs on road to Denton, 14 
Sep 1956, Ahles 18744 (UNC). DUPLIN CO., 6.2 mi SE of 
Chinquapin, 2 Aug 1957, Ahles 59887 (UNC). DURHAM CO., NE 
of Durham on Neuse River SW of Cozart, 21 Aug 1965 Ahles 
59887 (UNC). FORSYTH CO., 1.7 mi NW of Vienna on road 
to Dozier, 8 Aug 1958, Ahles 49044 (UNC-2). GASTON CO.,
4.1 mi E of Gastonia just N of US 29, 17 Sep 1956, Ahles 
18862 (UNC-2). GATES CO., 4.8 mi W of Gates, 1 Aug 
1956, Ahles 48457 (UNC-2). GRAHAM CO., Near Wolf Creek,
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4 mi NE of Stecoah, 19 Aug 1956, Radford 15990 (UNC). 
GRANVILLE CO., Bank of Tar River near Providence, 21 Aug 
1956, Gillespie 454 (UNC). GUILFORD CO., Greensboro, 
neighborhood of Latham Park, 11 Sep 1936, Boshesdale s.n. 
(UNC-2). HAYWOOD CO., Big Creek S of 1-40 and French 
Broad River, 26 Sep 1980, Thomas et al. 73460 (NLU).
Great Smokey Mts Nat. Park, 29 Aug 1935, Jenneson and 
Bain 1079 (TENN). SWAIN CO., Double Springs gap, GSMNP, 
30 Jul 1935, Barksdale and Jenneson 1255 (TENN). IREDELL 
CO., 2.3 mi N of Amity Hill, 7 Aug 1958, Ahles 48766 
(UNC-2). JACKSON CO., Blue Ridge Parkway, 3 mi NW of 
Devils Courthouse, 26 Jul 1975, Nelson 347 (FLAS). JONES 
CO., Island Creek, 7 Oct 1951, Radford 5922 (UNC). LEE 
CO., Lockville DAm, Deep River, 8 Aug 1956, Beard 1279 
(COLO). LINCOLN CO., Little Creek, SW of Cat Square, 10 
Sep 1958, Bell 15337 (UNC). MARTIN CO., 0.6 i NW of 
Gold Point, 11 Oct 1958, Radford 41922 (UNC). McDOWELL 
CO., US 70, 1 mi W Of jet US 221, 1 Sep 1956, Bell 4498 
(UNC). MECKLENBURG CO., McDowell's Creek, 6 mi WSW of 
Huntersville, 2 Oct 1958, Ahels 50161 (UNC-2). MITCHELL 
CO., Mt. Mitchell, 19 Aug 1925, Kraus s.n. (GA). 
MONTGOMERY CO., Little River, 5 mi E of mt Gilead, 27 
Jul 1956, Radford 14570 (UNC). MOORE CO., Between 
Carthage and EAstwood, 12 oct 1950, Godfrey 50707 (GH) . 
ORANGE CO., Beside stream which crosses the road to
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UniversityLake, Chapel Hill, 13 Oct 1944, Stewart 44 
(UNC). PERSON CO., Along US 501, about 4.5 N of Durham 
Co line, 12 Aug 1958, Bell 14596 (UNC). POLK CO., No 
locality, 12 Sep 1921, Peattie 1492 (UNC-2). RANDOLPH 
CO., Below Mill Dam at Coleridge, 10 Oct 1958, Bell 
15585 (VSC). ROCKINGHAM CO., 3.5 mi NNE of Reidsville 
on Island Creek, 28 Sep 1956, Radford 18537 (UNC). ROWAN 
CO., S Bank of Yadkin River E of US 29 bridge, 11 Oct 
1956, Horton 485A (UNC). RUTHERFORD CO., Near Broad 
River, 2 mi E of Lake Lure, 10 Sep 1956, Freeman 56718 
(UNC). STOKES CO., Near Dan River, 1 mi N of Morres 
Springs, 2 Oct. 1958, Radford 41355 (UNC). SURRY CO., 2 
mi N of Mt Park on Mitchell River, 16 Sep 1956, Radford 
18400 (UNC). SWAIN CO., Moist woods near creek along US 
64, 3.1 miles N of Swain-Macon Co line, 8 Aug 1987, Cox 
et al̂ _ 5237 (LSU) . TRANSYLVANIA CO., Beech Gap on Blue 
Ridge Parkway, 8 Sep 1973, Baufford 11871 (AA). YAUCEY 
CO., Campground, Mt. Mitchell State Park, 14 Aug 1974, 
Scott s.n. (NLU). UNION CO., Richardson Creek about 2.8 
mi S of New Salem on hwy 205, 17 Sep 1957, Ahles 34106 
(UNC). VANCE CO., Creekbank, Rum Creek, 5.2 mi SW of 
Bearpond, 1 Oct 1956, Leisner 20473 (UNC). WAKE CO., 
Raleigh, 8 Aug 1938, Godfrey 5925 (UNC). WARREN CO.,
2.5 mi E of Oakville, on Jordan Creek, 24 Oct 1956, Ahles 
and Bell 21414 (UNC). WATAUGA CO., Blowing Rock, 28 Aug
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1942, Chandler 4641 (MO). WILKES CO., N Wilkesboro near 
Yadkin River, 5 Aug 1956, Radford 15152 (UNC). WILSON 
CO., Near hwy 42, 5.2 mi WSW of Wilson, 25 Sep 1958, 
Radford 40817 (UNC). YADKIN CO., Yadkin River, 1 mi NE 
of Huntsville, 6 Aug 1956, Radford 15268 (UNC). YANCEY 
CO., Clingman's Peak, S Ridge, 21 Aug 1957, Ramseur 4205 
(UNC) .
SOUTH CAROLINA: ABBEVILLE CO., McCord Creek, 3.2 mi 
ESE of Abbeville, 13 Oct 1957, Radford 30820 (UNC).
AIKEN CO., Savannah River on US 176, N of Augusta, 27 
Oct 1961, Ahles 55307 (UNC-2). ALLENDALE CO., County rd 
26, 0.7 mi N of jet county rd 41, 11 Sep 1956, Bell 5156 
(UNC). CALHOUN CO., Halfway Swamp on hwy 6 S of Lone 
star, 27 Sep 1957, Ahles 35269 (UNC). CHEROKEE CO., 0.5 
mi SW of jet hwy 110 snf 39 on 110, W of Gaffney, 18 Sep 
1957, Ahles 34351 (UNC). CHESTERFEILD CO., Fork Creek,
4 mi NW of Jefferson, 29 Sep 1956, Radford 18828 (UNC). 
EDGEFIELD CO., Turkey Creek, W of Edgefield, 8 Oct 1949, 
Duncan 10607 (GA; GH). DARLINGTON CO., Near Williamson 
Park at Darlington, 14 Sep 1941, Smith 1790 (UNC). 
GEORGETOWN CO., Pee Dee River, near US 70, 2.6 mi NE of 
Yauhannah, 23 Aug 1957, Radford 28636 (UNC). GREENWOOD 
CO., Rocky Creek, 3.5 mi NE of Greenwood, 3 SEp 1957, 
Radford 29095 (UNC). KERSAW CO., 4 mi W of Bethune, 7 
Sep 1939, Godfrey 8003 (GH-2). LANCASTER CO., 2 mi SW
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of Lancaster on hwy 200, 20 Sep 1957, Ahles 34688 (UNC). 
LEXINGTON CO., Batesburg, 20 Sep 1911, McGregor 71 (US). 
McCORMICK CO., Stevens Creek, 1.5 mi NE of Parksville,
13 Oct 1957.Radford 30677 (FLAS; UNC). NEWBERRY CO., US
176 at Duncan's Creek, ca 15 mi N Newberry, 27 Sep 1986,
Horn 1336 (UNA). OCONEE CO., Confluence of White-water 
River and Devil's Fork, 25 Aug 1965, Powell 65-86 (UNC). 
PICKENS CO., 12 Mile Creek, W of Pickens, 22 Aug 1956, 
Radford 16588 (UNC). SALUDA CO., Big Creek near hwy 19,
4.2 mi N of Saluda, 12 Oct 1957, Radford 30523 (UNC).
YORK CO., Bullocks Creek on hwy 907 SW of Sharon, 19 Sep
1957, Ahles 34596 (UNC-2).
TENNESSEE: ANDERSON CO., Melton Hill Reservoir, 4 Aug 
1961, Ellis 29004 (TENN). BLOUNT CO., Reed Creed Rd,
2.8 mi W of Sevier Co. line, E of Walland, S edge of 
Chilhowee Mt. 25 Sep 1980, Thomas et al^ 73402 (NLU). 
CAMPBELL CO., Above La Follette, Hickory Creek Canyon, 29 
Aug 1954, Sharp 18544 (TENN). CLAIBORNE CO., Little 
Creek VAlley, Powell River, 30 Sep 1962, Ramsev et al. 
3088 (TENN). CUMBERLAND CO., Obed Wild and Scenic 
River, 29 Aug 1979, Schmalzer 1551 (TENN). CHEATHAM CO., 
Turnbull Creek, Craggie Hope, 20 Aug 1922, Svenson 316 
(GH) . HAMILTON CO., Ditchbank of US 11 at the Ooltewah 
City limits, 3.1 mi W of the Hamilton-Bradley Co. Line, 8 
Aug 1987, Cox et a]_ 5231 (LSU). MONROE CO., Cherokee
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Nat. Forest, along Citico Creek, 18 Aug 1990, Cox and 
Cox 5377 (TENN). MORGAN CO., S side of Daddys Creek 
downstream from bridge in Catoosa WMA near Devils 
Breakfast Table, 30 Aug 1979, Schmalzer 1552 (TENN-2). 
POLK CO., Hiawasee River just below the power station at 
roads end several miles E of Reliance, 7 Sep 1983, 
Anderson 6498 (FSU). ROANE CO., Clinch River Breeder 
Reactor Site, 23 Aug 1974, Hale and Williams 48601 
(TENN). SCOTT CO., Along Angel Falls trail next to the 
Big South Fork of the Cumberland River, 26 Aug 1990, Cox 
and Cox 5380 (TENN). SEVIER CO., New Found Gap (4000-6000 
ft), 6 Jul 1935, Jenneson 435 (TENN). UNICOI CO., 
Nolichucky River Gorge, Unaka Springs, 31 Jul 1955, Lvle 
19679 (TENN).
VIRGINIA: AMHERST CO., James River Gorge between 
Snowden and Balcony Falls, 16 Aug 1954, Freer 2251 (GH). 
AUGUSTA CO., Back Creek, 2 mi below Love, 5 Aug 1967, 
Harvill 17227 (UNC). BATH CO., 9 mi NW of Goshen, 25 
Aug 1970, Guoton 4192 (UNC). BOTETOURT CO., James 
River, 1 mi S of Sala, 25 Sep 1955, Stoutamire 1550 (SMU- 
2). CAMPBELL CO., S side of Whitestone Dr. 0.25 mi E of 
jet with hwy 297, 22 Jul 1969, Ramsev et al. 14053 (SMU). 
CARROLL CO., On hwy 52 NW of Shorts Creek, 9 Sep 1978, 
Oettinaen and Johnson 182 (GA). CHARLOTTE CO., Wallace 
Branch S of Harrisburg, 5 Sep 1965, Ahles 60809 (UNC-3).
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FAIRFAX CO., Below dam of Lake Barcroft, S of hwy 244, 5 
Sep 1973, Kellev and Bradley 6002 (UNC). FAUQUIER CO.,
W slope of Bull Run Mts., 14 Aug 1939, Allard 7266 (MO) . 
GILES CO., 2.5 mi SW of Newport, 29 Jul 1937, Fogg 12782 
(MO). GLOUCESTER CO., Robin's pond, 1.5 mi E of 
Gloucester High School, 1 Aug 1977, Greaves 1854 (NLU). 
GRAYSON CO., 3.8 mi SW of Elk Creek E od Independence,
28 Aug 1965, Ahles 60312 (UNC-2). HENRICO CO., W of Elk
Station, 3 Sep 1967, Harvill 17610 (UNC). MECKLENBURG 
CO., Meherrin River Valley. 17 Jul 1966, Seaman 4157 
(UNC). MONTGOMERY CO., I mi NW of McCoy, 1 Aug 1958,
Cooperrider 5127 (UNC). NOTTOWAY CO., Hwy 723, 0.25 mi
N of the Nottoway River Bridge, 6 Aug 1968, Ramsey et al.
11033 (NLU; SMU). PATRICK CO., Cedarmont near Stuart,
22 Aug 1965, Ahles 60042 (UNC). POWHATAN CO., Jones 
Creek under the bridge of hwy 628, 4 Sep 1976, Corcoran 
and Diggs 1371 (UNC). PRINCE EDWARD CO., Appomattox 
River at Farmville, 16 Oct 1965, Ahles 62939 (UNC). 
ROANOKE CO., Near Salem, 26 Aug 1951, Gentry 829 (UNC). 
SHENANDOAH CO., Elizabeth Furnace campground, 4 Sep 
1949, Mikula 4165 (UNC). TAZEWELL CO., Alluvium of 
laurel Fork Creek, ca 9 mi S of Tazewell, 2 Aug 1960,
Krai 10942 (SMU). WASHINGTON CO., Jefferson natl. Park, 
N of Walker Place, 9 Sep 1978, Oettingen and Hohnson 204 
(GA) .
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5. Rudbeckia laciniata L. var. heterophvlla (T. & 
G.) Fern. & Schub., Rhodora 50:172. 1948. Rudbeckia 
heterophvlla T. & G., Flora N. Amer 2:312. 1841. TYPE: 
FLORIDA, LEVY CO.,? Florida, no date, Chapman s.n. 
(holotype: GH-2!; isotype GH-2!).
Distribution Locally abundant at the edge of moist 
woods in Levy Co. Florida.
FLORIDA: LEVY CO., Frequent in moist loamy sand 
along margin of pine-oak-maple hammock just S of RT 326 
and E of Wekiva Run, 1.9 mi NE of Gulf Hammock, 6 Oct 
1989, Anderson 12367. (LSU)
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TABLE 2.1 Twenty-three quantitative continuous vegetative 
and floral charcters with abbreviations and definitions 
analyzed in a morphometric study of the Rudbeckia 
laciniata group.
DL Length of the disk (head) mm 
DW Width of the disk (head) mm 
RL Length of the ray flowers mm 
RW Width of the ray flowers mm
UL Length of the terminal lobe of the bottom leaves mm 
UW Width of the terminal lobe of the bottom leaves mm 
HN Number of heads per plant 
AL Length of the disk achene mm
CL Length of the disk corolla mm
PL Length of the pappus mm
RBL Length of the receptacular bracts (palea) mm 
IBL Length of the longest involucral bract mm 
ULS Number of hairs on the upper leaf surface per 4 mm sq
LLS Number of hairs on the lower leaf surface per 4 mm sq
PS Number of hairs on the peduncle just below the head
LLL Length of the lower leaves mm
LLW Width of the lower leaves mm USL Length of the 
upper leaves mm 
TL Length of the teeth on the leaf margin mm 
TW Width of the teeth on the leaf margin mm
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NLL Number of lobes on the lower leaves 
NUL Number of lobes on the upper leaves 
TN Number of teeth per 5 mm on the leaf margin 
Note: In each case the mean of five measurements or
counts was used in the data matrix.
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TABLE 2.2 Data matrix used in the analysis of the Rudbeckia 
laciniata complex. Characters are in the order arranged in 
Table 2.1. The numbers in column one represent the OTU's:
1)R. 1. var. ampla. 2) EL. 1 var. laciniata. 3) FL. var. 
humilis. 4) IL_ l_s. var. digitata. 5) FU. 1^ var bipinnata, and 
6) R̂ . 1_j. var. heterophvlla.
1 34.0 23.7 42.5 8.5 115.0 207o 3.0 7.6 4.3 0.7 77l
9.0 7.0 3.0 0.1 170.0 180.0 100.0 15.0 7.5 5.0 3.0 3.0
1 30.0 20.0 51.3 13.3 145.0 34.0 5.0 6.3 4.4 0.5 5.1
15.0 7.0 9.5 1.0 200.0 180.0 190.0 10.8 18.5 3.0 3.0 3.0
1 18.3 20.3 44.0 14.8 160.0 90.0 1.5 6.0 4.5 0.5 6.0
7.0 32.0 23.5 190.0 210.0 240.0 80.0 8.3 10.0 7.0 2.0 3.3
2 30.0 20.0 35.0 6.0 95.0 15.0 3.0 5.0 4.0 1.0 6.1
6.0 12.5 50.0 16.0 150.0 150.0 130.0 3.5 13.5 7.0 3.0 2.5
2 23.0 15.0 37.0 9.0 90.0 30.0 4.0 5.0 4.2 0.5 5.6
9.0 21.5 91.0 9.0 120.0 100.0 110.0 2.0 9.0 7.0 2.0 3.0
2 28.0 20.0 46.5 10.5 90.5 30.0 2.0 5.0 4.0 0.5 5.9
14.0 15.0 56.0 11.0 140.0 100.0 100.0 6.5 9.5 7.0 3.0 2.5
2 18.0 16.0 25.0 8.0 80.0 60.0 12.0 4.4 4.0 0.5 5.1
10.0 15.0 105.0 31.0 111.0 115.0 85.0 2.5 7.6 7.0 2.0 3.0
2 17.5 19.0 17.5 8.5 130.0 60.0 4.0 5.0 4.0 0.5 4.5
5.0 6.0 20.5 20.0 280.0 220.0 85.0 8.5 9.5 9.0 1.0 2.3
2 19.3 21.0 35.0 5.5 140.0 40.0 4.0 6.1 4.0 0.5 5.7
7.0 3.0 16.5 17.0 235.0 140.0 103.3 10.8 8.0 5.0 2.8 4.0
2 19.0 16.0 23.5 6.5 85.0 17.0 6.0 4.3 3.9 0.8 5.0
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6.5 7.0 30.0 4.5 150.0 130.0 90.0 7.0 10.0 7.0 4.0 4.5
2 19.3 21.0 35.5 5.5 140.0 40.0 4.0 6.1 4.0 0.5 5.7
7.0 3.0 16.5 17.0 235.0 140.0 103.0 10.8 8.0 5.0 2.8 4.0
2 17.0 17.7 25.3 5.0 48.0 30.0 7.0 5.0 3.9 0.8 6.3
11.5 19.0 99.3 22.0 78.0 70.0 80.0 8.0 9.5 5.0 1.0 4.8
2 19.0 12.0 25.0 7.0 100.0 70.0 5.0 5.0 4.0 0.5 5.0
11.0 4.5 250.0 12.3 130.0 170.0 110.0 5.0 12.5 4.0 1.0 3.7
3 10.0 11.2 14.5 5.0 80.0 30.0 12.0 3.5 3.3 0.2 3.3
4.3 7.5 7.0 10.0 137.0 120.0 85.0 4.5 10.0 3.0 1.0 4.0
3 15.0 11.5 25.3 8.0 55.0 22.0 3.0 3.3 4.1 0.5 4.0
7.0 18.0 4.0 8.0 80.0 50.0 52.5 54.5 8.0 4.0 1.0 2.7
3 11.5 13.0 15.5 5.0 57.5 22.5 12.5 4.0 3.8 0.4 3.5
3.4 28.3 13.5 45.0 100.0 108.0 70.0 3.5 7.5 6.0 1.5 3.0
3 11.7 10.3 9.5 2.8 0.1 0.1 17.0 3.4 3.4 0.5 4.0
5.8 6.0 5.3 29.0 96.0 80.0 57.5 4.0 9.3 1.0 5.0 2.5
3 13.3 15.3 26.3 7.7 140.0 270.0 10.0 4.0 3.8 0.5 4.1
9.7 23.8 41.0 90.0 290.0 260.0 93.3 4.0 15.0 5.0 1.0 4.0
3 14.7 13.3 28.0 8.0 130.0 70.0 3.0 4.0 4.0 0.4 5.0
12.0 1.5 19.5 5.0 230.0 180.0 77.5 5.7 16.3 5.0 1.0 3.5
3 14.3 14.0 19.5 5.5 120.0 38.0 11.0 4.0 3.8 0.5 4.7
14.0 22.5 67.5 10.5 200.0 155.0 93.8 4.8 18.8 4.0 2.0 2.5
3 9.0 8.6 17.6 4.0 110.0 40.0 9.0 3.5 3.0 0.2 3.5
4.5 8.0 2.6 30.0 220.0 240.0 73.3 3.0 10.0 6.0 3.0 3.0
4 12.3 10.8 25.0 8.0 150.0 100.0 12.0 4.2 3.8 0.2 4.5
8.0 2.5 2.8 12.0 260.0 282.0 117.5 3.0 10.0 7.0 3.0 3.0
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4 11.0 13.0 18.0 5.0 100.0 30.0 7.0 3.7 3.5 0.6 3.8
7.3 0.1 35.3 40.6 140.0 200.0 95.0 2.3 7.3 3.0 2.0 6.0
4 11.3 12.3 25.5 8.0 45.0 20.0 3.0 3.9 4.0 0.2 3.8
12.0 9.3 1.7 3.5 80.0 70.0 135.0 3.5 12.5 5.0 2.3 3.0
5 30.5 20.0 46.5 6.7 90.0 50.0 6.0 3.0 3.0 0.2 3.1
4.8 7.3 10.0 14.5 102.5 130.0 150.0 3.3 13.3 11.0 3.0 2.0
5 20.0 20.7 15.5 4.0 110.0 60.0 9.0 3.2 2.5 0.4 3.7
6.4 5.3 94.0 25.0 190.0 120.0 125.0 5.7 10.7 7.7 3.0 4.0
5 22.5 15.8 22.5 8.0 180.0 50.0 16.5 3.5 3.7 0.3 3.3
7.3 4.0 7.5 12.0 210.0 320.0 95.0 13.0 10.3 7.0 3.0 3.0
5 22.5 20.0 15.0 5.0 90.0 45.0 7.0 3.6 3.9 0.1 3.1
4.0 3.0 7.5 16.0 85.0 120.0 100.0 1.0 1.0 7.0 1.0 3.0
5 15.0 12.3 39.9 8.7 180.0 70.0 20.0 4.0 3.2 0.5 3.8
8.5 27.3 85.0 25.0 265.0 155.0 98.8 6.0 135.0 7.5 2.0 3.3
5 16.5 16.8 22.5 6.0 110.0 90.0 12.0 4.0 3.5 0.5 4.4
7.5 2.5 1.5 20.0 125.0 130.0 215.0 4.3 15.6 2.5 2.0 3.0
5 21.5 23.0 44.3 7.6 70.0 60.0 3.0 5.0 3.5 1.0 5.6
7.0 2.5 2.0 5.0 150.0 90.0 10.0 5.0 10.0 5.0 2.0 3.0
6 9.0 12.3 21.5 7.5 0.1 0.1 8.0 4.3 3.1 0.8 3.8
8.0 11.5 193.5 100.0 81.5 55.0 51.5 5.0 10.6 1.0 1.4 4.5
6 10.0 12.0 20.0 9.0 0.1 0.1 7.0 4.0 3.0 0.4 4.0
7.0 36.0 168.0 100.0 70.0 70.0 75.0 26.0 7.3 1.0 3.0 5.0
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TABLE 2.3 Twenty-four characters used in the Cladistic 
Analysis of Rudbeckia subg. Laciniata. Zero (0) represents 
the primitive state and one (1) the derived condition. 
Character 19 was multistate and unordered, and characters 
4,8,20,21, and 23 were deleted from the analysis.
1. Chromosome number: 14=0; 19=1
2. Leaf surface: adaxial surface pubescent=0; adaxial 
surface glabrous or nearly so=l
3. Leaf surface: abaxial surface pubescent=0; adaxial 
surface glabrous or nearly so=l
4. Leaf surface: not glaucous=0; glaucous=l
5. Stem surface: not glaucous=0; glaucous=l
6. Leaf margin: toothed=0; entire=l
7. Leaves compound=0; simple or lobed=l
8. Palea shape: not conduplicate=0; conduplicate=l
9. Palea length: surpassing the achene=0; equal to or
slightly surpassing the achene=l
10. Achene shape: flattened=0; quadrangular=l
11. Ray flowers: subtended by palea=0; not=l
12. Disk length: greater than 30 mm=0; less than 30 mm=l
13. Disk width: less than 20 mm=0; greater than 20 mm=l
14. Disk corolla color: dark=0; yellow=l
15. Ray flowers: present=0; absent=l
16. Achene length: less than 4 mm=0; greater than 4 mm=l
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17. Ray flower length: less than 30 xrun=0; greater than 30 
mia=l
18. Stomates: not sunken=0; sunken=l
19. Hair types: none=0; conical=l; unicellular=2? 
multicelluar=3
20. Palea surface: terminal portion densely pubesent=0; 
not=l
21. Pappus length: less than 1.0 mm=0; greater than 1.0 mm=l
22. Ploidy level: diploids=0; diploids and polyploids=l
23. Leaf length: less than 200 mm=0; greater than 200 mm=l
24. Leaf width: less than 100 mm=0; greater than 100 mm=l
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TABLE 2.4 Data matrix used in the analysis of the Rudbeckia 
subg. Laciniata. Ratibida and Rudbeckia fulqida (subg. 
Rudbeckia) were considered to be outgroups.
Ratibida 00000 00000 00000 00000 0000
Rudbeckia fulaida 10000 11001 11000 00030 0100
R. laciniata var. amnia 11101 00011 10110 11000 0001
R. laciniata var. bininnata 10001 00011 10010 01030 0001
R. laciniata var. diaitata 11001 00011 11010 00090 0001
R. laciniata var. humilis 10001 00011 11010 00020 0001
R. laciniata var. heteronhvlla 10001 00011 11010 00020 0001
R. laciniata var. laciniata 11001 00011 10010 11030 0101
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TABLE 2.5 The PR>F values reported in the general linear 
model (GLM) for each variable. The statistical test used in 
the procedure were T Test, Duncan's Multiple Range Test, and 
Student-Neuman -Keuls Test.
DL* 0.0101 ULS 0.1570
DW* 0.0039 LLS? 0.0603
RL 0.1653 PS 0.8826
RW? 0.0612 LLL 0.6368
UL 0.2211 LLW 0.8075
uw 0.9998 USL* 0.0198
HN* 0.0119 TL 0.9983
AL* 0.0003 TW* 0.0001
CL? 0.0821 NLL 0.5117
PL 0.3643 NUL 0.8628
RBL* 0.0016 TN 0.1215
IBL 0.3610
♦Significant at the 0.05 level 
? borderline
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TABLE 2.6 PRINCIPAL COMPONENTS ANALYSIS 
Characters that contributed most to the variation in pci, 
pc2, and pc3 in the analysis for Rudbeckia subg. Laciniata. 
Twelve characters were used in the PCA: DL, DW, RL, RW,
AL, CL, PL, RBL, IBL, ULS, LLS, TW.
pci RL, RBL, ULS, TW = 85% 
pc2 RBL, LLS, ULS, TW = 6% 
pc3 PL, RBL, LLS, ULS = 4%
TOTAL = 95%
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TABLE 2.7 CANONICAL DISCRIMINANT ANALYSIS 
Characters that contributed most to the variation in canl 
can2 and can3 in the analysis for Rudbeckia subg. laciniata. 
Twelve characters were used in the CVA: DL, DW, RL, RW, AL, 
CL, PL, RBL, IBL, ULS, LLS, TW.
canl RW, AL, PL, RBL = 39%
can2 DL, AL, CL, RBL = 26%
can3 DL, DW, RL, LLS = 24%
TOTAL 89%
Multivariate test performed with this analysis were Wilk's 
Lambda, Pillai’s Trace, Hotelling-Lawley Trace, and Roy’s 
Greatest Root ( pr>f=0.0001 for all test).
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TABLE 2.8 Chromosome counts reported for Rudbeckia 
laciniata from the literature and from the present 
investigation.
Collector/Citation chromosome number source
Fagerlind 1946 n=32-37 unknown
Battaglia 194 6 2n=76
n=38
Horticulture var.
Perdue 1960 2n=72; ca. 72, 
102+ Bucks Co, PA
Perdue 1960 2n=36; 54 Mahnomen Co, MI
Pinkava and Keil 1977 2n=19II Stillwater Co, MT
Keil and Stuessy 1977 2n=19 Graham Co, AZ
Turner 5684 2n=19 San Miguel Co, NM
Cox et al. 5234a n=19 Cherokee Co, NC
Cox et al. 5228 n=19 Hamilton Co., TN
COX et al. 5242 n=19 Delaware Co., OH
Cox 5336 n=19 Dolores Co., CO
Cox 5333 n=19 LaPlata Co., CO
Cox 5338 n=19 Apache Co., AZ
Cox 5344 n=19 Apache Co., AZ
Cox et al. 5270 n=19 Jackson Co., WV
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Figure 2.1 Line drawings of the achene and receptacular 
bract for the varieties of Rudbeckia laciniata. A. var. 
ampla. B. var. bipinnata. C. var. laciniata. D. var. 




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 9 7
Figure 2.2. A three dimensional PCA of the varieties of 
R. laciniata. Pyramids=var. heterophvlla. balloons= 
var. ampla. squares=var. laciniata. clubs=var.humi1is. 
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Figure 2.3 A three dimensional CVA of the varieties of 
E* laciniata. The symbols represents the same varieties 
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Figure 2.4a A UPGMA phenogram based on simularity of the 
R. laciniata complex. CCC=0.625.
Figure 2.4b A UPGMA phenogram based on taxonomic 
distance of the R. laciniata complex. CCC=0.725.
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Figure 2.5 A strict consenses tree representing two 19 
step most parsimonious cladograms of the Rudbeckia 
laciniata complex. The consistency index (Cl) is 0.842. 
Bars (-) represent characters without homoplasy; stars 
(*) represent synapomorphies; parallel bars (=) 
represent parallelisms; (X) represents reversals, and 
(A) represents autapomorphies. The numbers refer to the 
















R a t i b i d a  spp .
R u d b e c k ia  f u l g i d a
R. 1. v a r .  h e t e r o p h u l l a
R. 1. v a r .  b i p i n n a t a
R. 1. v a r .  l a c i n i a t a
R. 1. v a r .  a m p l a
R. 1. v a r .  d i g i t s  La
R. 1. v a r .  h u m i l i s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20.1
Figure 2.6 Distribution map of Rudbeckia subg. laciniata.
Dark triangles (A) in the western U.S. represent var. 
ampla. half-shaded squares (Q|) in the northeastern U.S. 
represent var. bininnata. dark squares (B) in the 
southeastern U.S. represent var. digitata (including former 
var. humilis) , the half-shaded circle (0) in central 
Florida represents var. heterophvlla. and the dark circles 
(0) of the eastern U.S. represent var. laciniata.
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Abstract. The coneflowers include the genera Dracopis. 
Echinacea. Ratibida. and Rudbeckia, with Rudbeckia being 
divided into sects. Rudbeckia, Macrocline. and Laciniata. 
As part of a monographic study of Rudbeckia sects. 
Macrocline and Laciniata. relationships to other nearby 
Heliantheae needed to be assessed. Stuessy grouped the 
four coneflower genera together within the subtribe 
Helianthinae. Later, Robinson erected the subtribe 
Rudbeckiinae to include Dracopis. Ratibida, and 
Rudbeckia. He removed Echinacea to the subtribe 
Ecliptinae on the bases of chromosome number and 
anatomical features and suggested a probable relationship 
to the genera Balsamorhiza. Helianthella. and Wvethia.
In the current work, twenty-eight qualitative characters 
were chosen for cladistic analysis performed by the 
Branch and Bound algorithm in PAUP, which guarantees 
discovery of the most parsimonious trees. This analysis 
supports the historical placement of Echinacea with the 
coneflowers. The resulting cladogram presents the
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Rudbeckiinae as a monophyletic taxon with the genera of 
the Ecliptinae forming a group distinct from the 
coneflowers. The clade of the sister taxa, Dracopis and 
Ratibida is related to a clade containing two distinct 
groups, one of Echinacea and Rudbeckia sect. Macrocline 
and the other of Rudbeckia sect. Rudbeckia and sect. 
Laciniata.
INTRODUCTION
Historically, Linnaeus (1753) placed the 
coneflowers in the genus Rudbeckia L. At present, the 
coneflowers consist of approximately 35 species 
distributed among the genera Dracopis Cass., Echinacea 
Moench, Ratibida Raf., and Rudbeckia. Echinacea is a 
North American genus with nine species (McGregor 1968), 
and Ratibida. with seven species, occurs from southern 
Canada to northern Mexico (Richards 1968; Turner 1988). 
Dracopis is a monotypic genus of the eastern U.S., and 
Rudbeckia with 18 species, ranges from Southern Canada 
throughout most of the United States (Perdue 1957, 1959, 
1960) , Rudbeckia is the only genus in this study that 
has been divided into infrageneric taxa. They have been 
regarded as sections by Torrey and Gray (1841) and Gray 
(1884) and subgenera by Perdue (1959). The infrageneric 
entities are treated as separate taxa in this analysis.
Sharp (1935), in his morphological investigations 
of certain epappose genera of the Heliantheae, included
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the coneflower genera in the subtribe Verbesininae. He 
considered Rudbeckia-Echinacea and Ratibida-Dracopis as 
complexes derived from a common ancestor which probably 
originated on the Appalachian-Ozarkian Upland. He 
hypothesized that Echinacea was the oldest genus, because 
five of the six species known at that time occurred in 
this upland region. Rudbeckia evolved from an ancestor 
similar to Echinacea but was of more recent origin. He 
also postulated that Ratibida and Dracopis had a more 
recent and common origin within the ancestral complex.
Stuessy (1977), regarded the coneflowers as a 
natural group within the subtribe Helianthinae, because 
they possess strongly conical to columnar shaped 
receptacles. Later, Robinson (1978, 1981) formally 
proposed the subtribe Rudbeckiinae to include Dracopis. 
Ratibida. and Rudbeckia. Characters used by Robinson 
(1981) to unify the subtribe and set it apart from others 
were: alternate or basal leaves, conical to columnar 
receptacles, sterile ray flowers, disk achenes compressed 
to subquadrangular, several micromorphological features 
of the ray flowers and fruits, and a North American 
distribution. Robinson removed Echinacea to the subtribe 
Ecliptinae [which is considered to be a paraphyletic 
subtribe within the Heliantheae by Bremer (1987)], on. the 
bases of chromosome number and anatomical features. He 
suggested a probable relationship to the genera
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Balsamorhiza Nutt., Helianthella Torrey & A. Gray, and 
Wvethia Nutt. Robinson (1981) noted the distinctiveness 
of the subtribe Rudbeckiinae from subtribe Ecliptinae but 
left open the question of its possible relationships 
within the Heliantheae.
The purposes of this study are 1) to investigate 
the relative merits of placing Echinacea with the 
coneflower genera of the Rudbeckiinae or with 
Balsamorhiza. Helianthella. and Wvethia of the 
Ecliptinae, and 2) to infer the phylogenetic 
relationships among the genera of coneflowers.
MATERIALS AND METHODS 
Investigations of Characters. Twenty-eight 
qualitative characters (morphological and chemical) were 
chosen for these cladistic analyses (table 3.1). 
Quantitative characters were generally rejected because 
the character states are circumscribed arbitrarily and 
because such arbitrary states probably have nothing to do 
with homology and analysis (Crisp and Weston 1987;
Stevens 1987). The present analysis employs the method 
of Clark and Curran (1986), which involved simultaneous 
unconstrained analysis of the ingroup and the outgroup to 
•mb7 produce an unrooted tree. This method was chosen 
because the Ecliptinae is not known to be the "closest" 
ancestor to the Rudbeckiinae, making the traditional 
outgroup analyses of Maddison et. al (1984) and Watrous
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and Wheeler (1981) unacceptable. We were able to include 
genera of unknown phylogenetic relationships in the 
analyses without unnecessary concern for the concept of 
monophyly for the ingroup and outgroup. Since the 
traditional outgroup comparison was not performed, 
characters were polarized by comparison to the rest of 
the Heliantheae. A similar outgroup comparison to the 
rest of the Heliantheae was conducted by Bolick (1983) in 
a study of the subtribes Ambrosiinae and Engelmanniinae 
in which the genera in question fParthenium and 
Parthenicef were confirmed as members of the Ambrosiinae. 
We conducted two analyses to determine the placement of 
Echinacea. The first consisted of the coneflower genera, 
Dracopis. Echinacea. Ratibida sects. Rudbeckia. 
Macrocline. and Laciniata. and the Ecliptinae members, 
Balsamorhiza. Helianthella. and Wvethia. The second 
analysis was performed using the genera included in the 
first along with the genera Acmella Rich, ex Pers. and 
Verbesina L. of the Ecliptinae and Helianthus L. and 
Viauiera Kunth of the Helianthinae. These additional 
general were added to give extra validity to the 
monophyly of the coneflowers. Seventeen binary 
characters were ordered, eight multistate characters were 
unordered, and two characters were considered to be 
autapomorphic and deleted from the analysis. Chromosome 
number (No. 24) was also deleted due to the variability
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among the taxa and proved to be of no systematic 
importance in these analyses.
Several characters were examined by the use of 
scanning electron microscopy and specimens were prepared 
by two different methods. In one, the flower heads were 
collected and fixed in FAA, dehydrated to 100% ethanol, 
then critical point dried with a Denton CDP-1. In the 
second, the dried disk achenes and ray corollas were 
removed from herbarium sheets. Material was mounted on 
stubs with double stick tape and sputter coated with 
gold-palladium in a Hummer II sputter coater. The 
specimens were then studied at 20 and 25 keV on a Hitachi 
S-500 scanning electron microscope and micrographs taken 
on Kodak Tri-X ortho film.
Ultraviolet floral patterns were observed in a UV 
light box on fresh and dried material. Heads appeared 
dark if they were UV absorptive and light if UV 
reflective. Some species have heads that are partially 
absorptive and partially reflective, with the disk 
corollas and the proximal portion of the ligules 
absorptive and distal part of the ligules reflective.
Character Explanations. A few binary and 
multistate characters (table 3.1), which are of taxonomic 
importance, are discussed below.
Achene wall structure (striate vs. non-striate),
No. 7. This character was used by Robinson (1981) to
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delimit the Rudbeckiinae from the Ecliptinae. He defined 
these striations as strands or interruptions in the 
carbonized layer of the achene wall. The epidermis and 
hypodermis of the achene must be removed to reveal the 
striations (Stuessy, personal communication). Plate 10 
figs 1-4 are light micrographs of transverse sections 
through immature achenes. These sections illustrate the 
presence and absence of striations. These striations 
appear to be basic in the Heliantheae but are absent in 
the Ecliptinae and two other subtribes (Robinson 1981).
Disk corolla resin duct color (hyaline vs. 
pigmented), No. 8. Robinson (1981) noted that the color 
of resin ducts had proven useful in the study of the 
Heliantheae with a majority of the subtribes lacking 
colored resin.
Presence of sesquiterpene lactones (absence vs. 
presence), No. 20. This information was obtained from 
Seaman (1982), Vasquez et al. (1988, in press), and from 
Dr. N. Fischer and M. Vasquez (personal communication) of 
the LSU Chemistry department.
Ultraviolet floral patterns, No. 21. The head 
could be completely absorptive, completely reflective, or 
a combination of both (the disk flowers and the proximal 
portion of the ligule is absorptive and the distal part 
of the ligule reflective). Live specimens as well as 
herbarium materials were viewed under ultraviolet light
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to detect the floral patterns of the flower heads. The 
absorptive patterns of the heads may be due to the 
presence of flavonoids in corolla epidermal papillae 
(Brehm and Krell 1975).
Ligule microcharacters (Papillae features), Mo. 22. 
Baagoe (1979) described various types of ligule 
microcharacters and grouped the composite tribes based on 
these features. The taxa that possess papillae were 
placed in the Helianthoid section and characters 
concerning papillae size and shape were used to identify 
the different subtribes within the tribes. In the eight 
genera investigated with SEM, papillae are present on the 
proximal adaxial epidermis of the ray corolla. Rudbeckia 
(sects. Rudbeckia. Macrocline. and Laciniata), Dracopis. 
Ratibida. and Echinacea all have corolla papillae taller 
than wide. Balsamorhiza. Wyethia. and Helianthella. are 
represented by papillae that are wider than tall and 
papillar cells that were strongly collapsed. The typical 
papillae type found in Rudbeckia by Baagoe (1979) had 
cells that were more than 45um tall. These papillae also 
had thick walls and remained inflated on herbarium 
material examined with SEM (Baagoe 1979). Plate 9 figs 1 
and 2 illustrate the presence of papillae in Rudbeckia 
scabrifolia.
Polyacetylenes with sulfur containing rings, Mo.
23. These characters were obtained from Bohlmann et. al
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(1973). For genera which were not included in their 
study, a "9" (missing data) was recorded in the data 
matrix.
Stigmatic surface of the style branch (continuous 
vs. fused)/ No. 27. Robinson (1981) regarded fused 
stigmatic surfaces as specialized in many Heliantheae. 
Echinacea shares this feature with members of the 
Ecliptinae. Continuous stigmatic surfaces characterize 
the other coneflower genera.
Fibrous sheaths along veins of the disk corolla 
throats. No. 28. All genera having this character are 
members of the Ecliptinae, and the character apparently 
is unique to that subtribe (Robinson 1981). He reports 
that Echinacea lacks this feature.
Phylogenetic Analysis. The OTU's for the first 
analysis consisted of the taxa of coneflowers rDracopis. 
Echinacea. Ratibida. and sections of Rudbeckia i.e. 
Rudbeckia. Laciniata (comb. ined.) and Macrocline1 and 
the Ecliptinae genera, Balsamorhiza. Helianthella. and 
Wvethia. Theoretically, all the genera of the Ecliptinae 
should be represented in the analysis, but some 
information was unobtainable for the present study.
Data in this study were obtained from the 
literature and from herbarium materials on deposit or 
loaned to Louisiana State University (table 3.2). A data 
matrix of 28 morphological and chemical characters
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(tables 3 and 4) was constructed for cladistic analysis 
and analyzed using the 2.4 version of PAUP (Swofford 
1985) on an IBM PC Computer.
The Branch and Bound Algorithm, which guarantees 
discovery of the most parsimonious trees, was used in 
conjunction with the Farris optimization routine (Farris 
1970) and Lundberg rooting (Lundberg 1972) to produce a 
phylogeny. The OTU'S for the second analysis included 
all previous taxa plus Acmella and Verbesina of the 
Ecliptinae and Helianthus and Viauiera of the 
Helianthinae. The MULPARS algorithm using global branch 
swapping to construct equally parsimonious trees was 
performed using Lundberg rooting and the Farris option 
(Swofford 1985).
RESULTS AMD DISCUSSION
The first cladistic analysis of the Rudbeckiinae 
resulted in one parsimonious cladogram consisting of 52 
steps (fig. 1). The consistency index (Cl) is 0.615.
This value represents a moderate level of homoplasy (38%) 
which is common in vascular plants (Stevens 1987) . A 
similar consistency index was reported by Panero and 
Schilling (1988) from a cladistic analysis of Viauiera 
sect. Maculatae. Higher percentages of homoplasy have 
been reported for several composite genera [e.g. 50% in 
Acmella (Jansen 1985), 80% in Montanoa (Funk 1982), and 
57% in Coreopsis (Jansen et al. 1987)].
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The present analysis strongly supports placing 
Echinacea with the other coneflower genera in the 
Rudbeckiinae, which forms a monophyletic group. Four 
synapomorphies (conical to columnar receptacles, papillae 
taller than wide on the ligule, colored resin in the 
ducts of the disk corollas, and ray flowers sterile) 
characterize the coneflower genera. Within the 
Rudbeckiinae (including Echinacea), the coneflowers are 
separated into two distinct sister groups: 1) a clade 
containing Ratibida and Dracopis and 2) one comprised of 
Echinacea and Rudbeckia♦ Even though the first two are 
not connected by a synapomorphy, the node is supported by 
the absence of persistent basal leaves, and both genera 
have rays subtended by receptacular bracts (a character 
not represented in the other coneflower taxa). The 
second group consists of Echinacea and Rudbeckia sect. 
Macrocline as sister taxa related to R. sect. Laciniata 
and R. sect. Rudbeckia. Rays not subtended by 
receptacular bracts is the synapomorphy supporting this 
node containing the remaining coneflowers. The presence 
of sesquiterpene lactones (a synapomorphy), the loss of 
pappus scales of different sizes, and pubescent leaf 
surfaces unite Rudbeckia sects. Rudbeckia and Laciniata. 
The sesquiterpene lactones have not yet been found in R. 
sect. Macrocline (Vasquez, personal communication). The 
presence of glaucous leaves in species of Echinacea and
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R. sect. Macrocline. as well as flower heads usually 
solitary, are characters supporting the relationship 
between these two taxa.
The Ecliptinae genera Balsamorhiza. Helianthella. 
and Wvethia are united by two synapomorphies, non-striate 
achene walls, and presence of fibrous sheaths along the 
veins of the disk corolla throat. Balsamorhiza and 
Helianthella are more closely related to each other, by 
sharing the characters, opposite and alternate leaves and 
pubescent leaf surfaces. They form a sister group to 
Wvethia.
In this analysis, the herbaceous habit character 
state is considered to be symplesiomorphic (a shared 
primitive character state) (Wiley 1981) and was deleted 
from the computer analysis. Even though Cronquist (1977) 
supports the theory that woodiness is the primitive 
condition for the family Asteraceae, Stuessy (1977) 
suggests that herbaceousness in the tribe Heliantheae is 
primitive and the woody state is derived. Two characters 
were autapomorphic [a character state evolved from its 
plesiomorphic homologue in a single species (Wiley 
1981)]: (No. 15) the lack of pappus in Dracopis and (No. 
18) the base of the corolla not narrowed in Echinacea as 
in the other taxa surveyed.
The second analysis resulted in eight parsimonious 
cladograms consisting of 73 steps with a Cl. of 0.452
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(fig. 2). By the addition of these genera to the 
analysis, it substantiates the stability of the 
coneflower clade. In all eight trees there were two 
distinct groupings. First, the coneflowers remained a 
monophyletic group closely related to Helianthus and 
Viauiera of the Helianthinae (this relationship supports 
Stuessy's (1977) placement of the coneflowers as a group 
related to the subtribe Helianthinae). Second, the five 
Ecliptinae genera always clustered together. The 
differences among the eight trees were changes in branch 
lengths and positions of taxa within each clade.
The topology of the Rudbeckiinae in the second 
analysis differs slightly from the first by placing 
Ratibida in a primitive position more closely related to 
Dracopis. The clade containing the remaining four taxa 
was unchanged from the first analysis. Character No. 2 
(strongly conic to columnar receptacle) is the only 
synapomorphy we found which unites the coneflowers.
CONCLUSIONS
This present phylogenetic study of the coneflowers 
and certain genera of the Ecliptinae supports placing 
Echinacea within the subtribe Rudbeckiinae, rather than 
within the Ecliptinae (sensu Robinson 1981). Before a 
complete phylogeny can be inferred for the genera of the 
subtribes, a cladistic analysis should be make of all 
taxa of the Ecliptinae. Nevertheless, the present data
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support the monophyly of the Rudbeckiinae, and when more 
taxa are added to the analysis it may confirm Bremer's 
(1987) concept of paraphyly for the Ecliptinae.
Our cladistic analysis of the relationships among 
the coneflowers supports (in part) Sharp's (1935) 
original theory of alliances between Ratibida-Dracopis. 
and Rudbeckia-Echinacea. These analyses suggest two 
possible relationships among the coneflower genera. A 
first possibility is that all four coneflower genera 
arose from a common ancestor and show a close 
relationship to one another. The second possibility is 
that Ratibida is the primitive taxon more closely related 
to Dracopis. Rudbeckia sect. Macrocline appears to be a 
sister taxon to Echinacea and related to a clade 
containing Rudbeckia sects. Rudbeckia and Laciniata.
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TABLE 3.1 Characters used in analyzing the
relationships among the genera of coneflowers. Zero
represents the plesiomorphic state and one the apomorphic
condition. Multistate characters are unordered.
T~. Ray flowers fertile or with vestigial reproductive 
structures: 0=present/ l=absent
2. Receptacle strongly conical to columnar: 0=absent, 
l=present
3. Rays subtended by receptacular bracts: 0=presentf 
l=absent.
4. Receptacular bract apex: 0=acute to obtuse, 
l=mucronate.
5. Receptacular bract surpassing the achene:
0=present, l=absent.
6. Achene shape: 0=slightly compressed, 
l=subquadrandular to quadrangular in cross-section
7. Achene wall structure: 0=striate, l=not striate
8. Resin color in the duct of the corolla: 0=hyaline, 
l=pigmented
9. Involucral bract type: 0=biseriate, l=uniseriate
10. Leaf arrangement: 0=opposite, l=alternate, 2=both*
11. Basal leaves persistent: 0=absent, l=present
12. Leaf surface glaucous: 0=absent, l=present, 2=both*
13. Leaf surface: 0=glabrous, l=pubescent, 2=both*
14. Habit: O=herbaceous, l=woody
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15. Pappus: 0=present l=absent
16. If pappus present: 0=scales uniform in size,
l=scales of different sizes
17. Stem surface: O=not glaucous, l=glaucous
18. Base of corolla: O=narrowed, l=not narrowed
19. Achene surface: O=glabrous, l=pubescnet, 2=both*
20. Secondary compounds (Sesquiterpene lactones): 
0=absent, l=present.
21. Ultraviolet floral patterns: 0=heads all 
reflective pattern, l=heads all absorptive 
pattern, 2=disk flowers and proximal portion of the 
ligule absorptive and the distal part reflective, 
3=both 1 & 2
22. Ligule microcharacters: 0=papillae wider than 
tall, l=papillae taller than wide
23. Polyacetylenes with sulfur containing rings: 
0=absent, l=present
24. Chromosome number: 0=18, 1=19, 2=16, 3=15, 4=11
25. Duration: 0=perennial, l=both perennial and 
annual, 2=annual
26. Head number: 0=solitary or few, l=numerous, 2=both*
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27. Stigmatic surface of the style branch: 0=separate, 
l=fused
28. Fibrous sheaths along the veins of the disk 
corolla throats: 0=absent, l=present
♦Refers to genera containing species possessing both 
character states.
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TABLE 3.2 Genera of the Ecliptinae, Helianthinae, and 
Rudbeckiinae investigated and the literature sources of 
character states. Robinson (1981) and Stuessy (1977) 
were important sources for all genera.
Ecliptinae
Acmella Rich, ex Pers. - Jansen (1986); LSU. 
Balsamorhiza Nutt. - Sharp (1935); Baagoe (1979); LSU. 
Helianthella Torrey and A. Gray - Abrams and Ferris 
(1960); NLU; Bohlmann et al. (1973).
Wvethia Nutt. - Abrams and Ferris (1960); LSU; Bohlmann 
et al. (1973).
Verbesinia L. - Cronquist (1980); LSU.
Helianthinae 
Helianthus L.- Cronquist (1980); LSU.
Viauiera Kunth - Bohlmann et al. (1973); Panero and 
Schilling (1988); Seaman (1982); Cronquist 
(1980); LSU.
Rudbeckiinae
Dracopis Cass. - Cronquist (1980); Seaman (1982);
Bohlmann et al. (1973); Field studies; LSU. 
Echinacea Moench - McGregor (1968); Cronquist (1980); 
Bohlmann et al. (1973); Field Studies; LSU.
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Ratibida Nutt. - Richards (1968); Turner (1988) ;
Cronquist (1980); Seaman (1982); Bohlmann et al. 
(1973) ; Field and herbarium studies; LSU. 
Rudbeckia L. sect. Laciniata (comb, ined.) - Perdue
(1959); Cronquist (1980); Vasquez et al. (1988, 
in press); Bohlmann et al. (1973); Seaman (1982); 
Field and herbarium studies.
Rudbeckia L. sect. Macrocline Torrey and A. Gray - Perdue 
(1959) ; Cox and Urbatsch (1988); Cronquist 
(1980); Vasquez et al. (1988, in press); Bohlmann 
et al. (1973); Field and herbarium studies. 
Rubeckia L. sect. Rudbeckia - Perdue (1957); Cronquist 
(1980); Vasquez et al. (1988, in press); Seaman 
(1982) ; Baagoe (1977); Field and herbarium 
studies.
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TABLE 3.3 Data matrix for analyzing the 
relationship between Echinacea and the Rudbeckiinae with 
Balsamorhiza. Helianthella. and Wvethia representing the 
Ecliptinae. Characters 10, 12, 13, 19, 21, 24, 25, and 26 
are unordered and characters 14, 15, 18, and 24 were 
deleted from the analysis. Nine (9) represents unknown 
character state.
Hypothetical Ancestor 00000 00000 00000 00000 00000 000
Balsamorhiza 00010 11012 10100 10019 30910 011
Wvethia 00010 11001 10200 10029 10010 011
Helianthella 00010 11002 10100 00029 10020 011
Draconis 11010 10101 01001 91000 21022 100
Echinacea 11101 10111 12200 10119 11040 010
Rudbeckia 11110 10111 10100 00001 21111 200
R. sect. Lacinata 11110 10111 10100 01001 31100 100
R. sect. Macrocline 11111 10111 12200 11000 21100 000
Ratibida 11001 00101 01200 10010 21021 100
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TABLE 3.4 Data matrix for analyzing the relationship 
between Echinacea and the Rudbeckiinae with Acmella. 
Balsamorhiza. Helianthella. Verbesina. and Wvethia 
representing the Ecliptinae and Helianthus and Viguiera as 
members of the Helianthinae. Characters 10, 12, 13, 19,
21, 24, 25, and 26 are unordered and 15, 18, and 24 were 
deleted from the analysis. Nine (9) represents unknown 
character states.
Hypothetical Ancestor 00000 00000 00000 00000 00000 000
Acmella 00000 01000 00100 10019 99090 010
Balsamorhiza 00010 11012 10100 10019 30910 011
Wvethia 00010 11001 10200 10029 10010 011
Helianthella 00010 11002 10100 00029 10020 011
Verbesina 00000 01002 90110 10021 09051 110
Viauiera 10001 00102 90210 11011 29052 100
Helianthus 10110 00110 00200 00019 10091 200
Dracoois 11010 10101 01001 91000 21022 100
Echinacea 11101 10111 12200 10119 11040 010
Rudbeckia 11110 10111 10100 00001 21111 200
R.sec. Laciniata 11110 10111 10100 01001 31100 100
R.sec. Macrocline 11111 10111 12200 11000 21100 000
Ratibida 11001 00101 01200 10010 21010 100
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FIGURE 3.1. A 52-step most parsimonious cladogram 
representing the Rudbeckiinae with a consistency index (Cl) 
of 0.615. The analysis is based on the data of table 3.3. 
Bars (-) represent characters without homoplasy; dark boxes 
(■) represent synapomorphies; parallel bars (=) represent 
parallelisms; (X's) represent reversals, circles (Q) 
represent autapomorphies. The numbers refer to the 
characters given in table 3.1.
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FIGURE 3.2. A 73-step parsimonious cladogram 
representing the Rudbeckiinae and members of the Ecliptinae 
and Helianthinae. The consistency index (Cl) is 0.452. The 
analysis is based on the data of table 4. Bars (-) 
represent characters without, homoplasy; dark boxes (■) 
represent synapomorphies; parallel bars (=) represent 
parallelisms; (X's) represent reversals, circles (• ) 
represent autapomorphies. The numbers refer to the 
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CONCLUSIONS
The present systematic treatment of Rudbeckia 
supports the separation of the genus into three 
subgenera: ie. Laciniata. Macrocline and Rudbeckia.
Morphometric and computer assisted numerical analyses 
delimit subg. Macrocline as a taxon consisting of 12 
distinct species and subg. Laciniata as a single 
species comprised of five morphologically 
overlapping varieties.
After the taxa were defined by morphometric 
methods, the cladistic analysis was performed to 
reconstruct the phylogenetic relationships among the 
species. Subgenus Macrocline was illustrated to be 
a monophyletic group more closely related to subg. 
Laciniata. and subg. Rudbeckia was considered as the 
primitive taxon in the analysis. Referring back to 
the cladograms in Figures 13 and 14 of chapter 1, 
this analysis supports subg.Macrocline as a 
monophyetic group composed of two clades, one 
representing sect. Askomia and the other sect. 
Macrocline. Subgenus Laciniata is considered to be 
an outgroup of subg. Macrocline. The relationships 
within the R. laciniata complex include R. laciniata 
and R. laciniata var. ampla as sister taxa related 
to R. laciniata var. bipinnata. Rudbeckia laciniata
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var. diaitata and var. humilis were 
indistinquisable in the cladistic analysis; 
therefore the varieties were combined into one taxon 
var. diaitata. Rudbeckia laciniata var. 
heteroohvlla is considered to be the primitive 
member of this complex.
Questions still arise concerning Rudbeckia1s 
closest ancestor. There is a close relationship 
among the coneflower genera, as defined by the 
phylogenetic analysis, and the ancestral taxon 
probably lies among the members of the Rudbeckiinae.
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Plate 1 Scanning electron micrographs of the lower leaf 
surfaces of species of subg. Macrocline. 1) R. 
scabrifolia. 2)R. klamathensis. 3) R. mohrii. 4) R. 
montana. 5) R. alaucescens. and 6) R. maxima. The size 
marker is 50 microns (all micrographs were taken at 650 X 
at 25 KeV).
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Plate 2 Scanning electron micrographs of species of 
subg. Macrocline illustrating the lower leaf surfaces. 
1) R. auriculata. 2)R. texana. 3) R. nitida. 4) R. 
occidentalis. 5) R. californica. and 6) R. alpicola. 
Line makers represent 50 microns.
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Plate 3 Scanning electron micrographs illustrating the 
upper leaf surfaces of species of subg. Macrocline. 1) 
R. montana. 2) R. texana. 3) R. occidentalis. and 4) R. 
scabrifolia. Line markers represent 50 microns.
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Plate 3 (cont.) 5) R. klamathensis. 6) R. alpicola 
Line marker represent 50 microns.
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Plate 4 Scanning electron micrographs of the upper leaf 
surfaces of species of subg. Macrocline. 1) R. 
californica. 2) R. mohrii. 3) R. alaucescens. 4) R. 
maxima 5) R. auriculata (500 microns=bar), 6) R. nitida. 
Note the waxy cuticle present in 3 and 4; both of these 
species have glaucous leaves. With the exception of 
number 5, the line markers represent 50 microns.
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Plate 5 Scanning electron micrographs of the 
receptacular bract surfaces of the species of subg 
Macrocline. 1) R. maxima. 2) R. scabrifolia. 3) R 
texana , and 4) R. nitida (bar=500 microns).
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Plate 6 Scanning electron micrographs of the 
receptacular bract surfaces of the species of subg. 
Macrocline. 1) R. alpicola. 2) R. occidentalis. 3) 
montana. and 4) R. mohrii. (bar=500 microns)
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Plate 7 Scanning electron micrographs of the 
receptacular bract surfaces of the species of subg. 
Macrocline. 1) R. californica. 2) R. auriculata, 3) 
R.klamathensis. 4) R. alaucescens. (bar=500 microns)
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Plate 8 Scanning electron micrographs: Fig. 1) conical
trichome of R. auriculata (bar=50 microns), Fig. 2) polar 
view of a typical Rudbeckia pollen grain (R. laciniata 
var heterophylla) (bar=5 microns). Fig. 3) Sunken 
stomate of R. maxima and a close up view of the waxy 
cuticle covering the surface of the leaves (bar=5 
microns). Fig. 4) Leaf margin of R. californica (species 
with glabrous leaf surfaces often have trichomes on the 
leaf margins) (bar=50 microns).
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Plate 9 1) Scanning electon micrograph of the papillae
on the proximal adaxial surface of the ray corolla of R. 
scabrifolia (bar=50 microns). 2) Light micrograph of a 
transverse section of the ray corolla of R. scabrifolia. 
sections were made by embedding in paraffin and staining 
with toluidine blue. The "P" indicates on the papillae 
in longitudinal section.
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Plate 10 Light micrographs of transverse sections of 
immature disk achenes. Figures 1 and 2 are R. scabrifolia 
(Urbatsch 5974) . H in fig 1 shows the hypodermis, P in 
fig. 2 points to the phytomelanin layer responsible for 
the striations in the achenes. Note: the phytomelanin 
layer is not continuous, but interrupted by parenchyma 
cells. Figures 3 and 4 are Echinacea purpurea fUrbatsch 
5879). Fig. 3 shows the large amount of hypodermal cells 
surrounding the achene. Fig. 4 P shows the phytomelanin 
layer. Note: this layer is continuous in Echinacea which 
lacks striations.
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